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ABSTRACT 

The MAGIC computer simulation generates target description data 
consisting of item-by-item listings of the target's components and air­
spaces encountered by a large number of parallel rays emanating from any 
desired attack angle. A combinatorial geometry technique, which defines 
the locations and sh?pes of the various physical regions in terms of the 
intersections and unions of the volumes contained in a set of simple 
bodies, is used to represent complex target structures. A grid ceil 
pattern is superimposed over the surface of the target and parallel rays 
are "fired" from each grid cell. 

Volume II, Part I contains: 

Section I 
Section II 
Section III 

Introduction 
Mathematical Model 
Simulation Model, MAIN Program through 
Subroutine TOR. 
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SUMMARY 

The MAGIC computer simulation generates target description data with the 
detail and completeness required for vulnerability studies. A combinatorial 
geometry technique is used in the simulation to represent a complex target 
structure. A large number of parallel rays, randomly located in grid cells, 
are traced through the target structure to produce item-by-item listings of 
the ~omponents and air spaces. 

COMBINATORIAL GEOMETRY TECHNIQUE 

The basic technique for a geometry description consists of defining the 
locations and shapes of the target physical regions (wall, equipment, etc.) 
utilizing the intersections and unlons of the volumes of twe1ve simple body 
shapes. A special operator notation uses the symbols(+), (-),and (OR) to 
describe the intersections and unions. These symbols are used by the program 
to construct tables used ln the ray-tracing portion of the program. 

GEOMETRICAL DESCRIPTION 

The user specifies the type and location of each body used to describe 
the target; and identifies physical regions in terms of these bodies. Each 
region is assigned an identification code for use with vulnerability analyses. 
~ three-dimensional coordinate system is established in relation to the 
target, which is enclosed by a rectangular parallelepiped. A grid plane is 
established according to the attack angle desired, and parallel rays, start­
ing randomly from each grid cell, ar~ traced through the target . 

INPUT 

In the normal operating mode, target description data is input by cards. 
A porti~n of the routine =onverts the data to the form required for ray­
t r acing. The input data is checked; if errors are detected, messages are 
printed out. Error-free tar get description data may then be stored on mag­
netic tape and input in this form on subsequent production mode operations. 

OUTPUT 

The basic output is the results of the ray-tracing computations. A list­
ing is obtained, for each grid cell, of the line-of-sight thickness for each 
geometrical region traversed, the obliquity of the ray with respect to the 
norm~l of the first surface of each region encountered , and the normal 
distance through each region . 

vii 
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OPTIONAL ROUTINES 

Three optional routines are available to the user: special ray tracing 
used for target data checking; region volume calculations; and computing 
target presented area. 

PROGRAMMING 

The simulation, which is programmed using FORTRAN, requires a large­
scale digital computer. The simulation is currently operational on both the 
CDC-6600 and BRL-BRLESC computers. 

viii 
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SECTION I 

INTRODUCTION 

The MAGIC computer simulation generates target description data with 
the detail and completeness required for vulnerability studies. The target 
description data consists of item-by-item listings of the components and 
air spaces encountered by a large number of parallel rays emanating from 
any attack angle and passing through any type of target . 

A combinatorial geometry technique is used to represent a complex 
three-dimensional target structure, such as a tank, in terms of sums, 
differences, and intersections of relatively simple bodies. The input 
for such a description consists of the geometric location and dimensions 
of the simple bodies followed by a region definition table consisting of 
a series of equations defining each region in terms of the simple bodies. 
In addition to the geometric description, a coded number is assigned to 
each region to identify its function. 

The computer routine superimposes a grid cell pattern over the surface 
of the target, as viewed from the attack angle desired, randomly locating 
parallel rays in each grid cell. The computer traces each ray through the 
target; and each target item encountered is listed sequentially and identified 

as to ray location in the grid, target identifica~ion, line-of-sight thick­
ness, normal thickness, angle of obliquity, identification of the air space 
following the target, and line-of-sight distance through the air space. 

COMBINATORIAL GEOMETRY TECHNIQUE 

The combinatorial geometry technique has been developed to produce a 
model that is both accurate and suitable for a ray-tracing analysis 
program. The basic technique for a geometry description requires defining 
the locations and shapes of the various physical regions (wall, equipment, 
etc . ), utilizing the intersections and unions of the volumes of twelve 
simple bodies. The geometric bodies are as follows: 

(1) Rectangular parallelepipied 

(2) Box 

(3) Sphere 

(4) Right circular cylinder 

(S) Right elliptical cylinder 

1 
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(6) Truncated right angle cone 

(7) Ellipsoid 

(8) Right angle wedge 

(9) Arbitrary convex polyhedron of four, five, or six sides 

(tO) Truncated elliptic cone 

{ 11) Arbitrary surface 

(12) Torus 

A special operator notation uses the symbols (+), (-), and (OR) to 
describe the intersections and unions. These symbols are used by the pro­
gram to construct tables used in the ray-tracing portion of the problem. 
If a body appears in a region description with a (+) operator, the region 
being described is wholly contained in the body. If a body appears in a 
region description with a (-) operator, the region being described is 
wholly outside the body. A region may be described in terms of several 
subregions lumped together by (OR) statements. 

The technique of describing a physical region is best i llustrated by 
examples . Imagine a mallet consis ting of two cylinders. Call the mallet ~ 
head solid number 1 and the handle solid number 2. ,_, 

The two cylinders may be physically positioned and logically described 
in several ways. One way is to consider the handle and head as separate 
regions, as shown in Figure 1. The region description is region 1 = 1 and 
region 2 = 2- 1. 

Solid 1 
j I r:solid 2 

--l~ Reg 1 I---:R...;.;e~g'-.,;::2 __ _j~ 

FIG. 1. Mallet with Handle and Head as Separate Regions 

l 
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Another way is to think of the handle extending into the bead, as 
shown in Figure 2. A logical method of describing this mallet is region 1 = 
1-2 and region 2 = 2, indicating that the mallet head contains a cylindrical 
hole into which the handle is fitted. 

Solid 1 
Solid 2 

FIG. 2. Mallet wi~h Handle Extending Into the Read 

Now consider a description of a maJlet physically similar to that in 
Figure 2 but whose handle consists of two types of material, one outside 
the mallet head and the other inside the head, as shown in Figure 3. 
A logical way to describe this is region 1 = 1-2, region 2 = 2-1. and 
region 3 = 1+2. 

Solid 2 

Solid 1 
Reg 2 

FIG . 3. Mallet with Handle Consisting of Two Types of Materials 
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A fourth way is to lump the mallet head and handle into one region, 
considering them to be like materials, as shown in Figure 4. The descrip­
tion then is region 1 = (OR) 1 (OR) 2. This means that a point in region 1 
may be in either solid 1 or solid 2. 

Solid 1 

FIG . 4. Mallet with Head and Handle of Like Materials 

A rule of construction imposes the additional restriction that region 
descriptions include negation (-) of buttressing surfaces not otherwise 
necessary to the logical description of the region. That is, if points on 
the surface of body 2 are common to parts of the surface of body 3, as 
shown in Figure 5, the description of region 200 is 200 = (*2) (-3). 
Region 300 is defined as 300 = (+3) (-2). 

100 

Reg Region 
200 300 

Region J J 
Body 2 R . eg1.on 

Body 3 

1 
FIG. 5. Buttressing Surfaces 
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GEOMETRICAL DESCRIPTION 

The user of the program must specify the geometrical description by 
establishing two tables. The first table describes the type and location 
of the set of bodies to be used. The second table identifies tbe physical 
region in terms of these bodies. The computer program converts these tables 
into the form required for ray tracing . Note well: all the space must be 
divided into regions, and no point may be in more than one region. 

Coordinate System 

The geometric figures used to define the target are located relative to 
one another by the use of a three-dimensional coordinate system superimposed 
on available engineering drawings. A readily identifiable reference point 
should be designated from which the three-dimensional coordinate system can 
easily be constructed . On armored vehicles such as tanks, the intersection 
of the turret datum line and the center lines of the turret forms a natural 
reference point for the coordinate system origin as illustrated by the sim­
plified tank in Figure 6. 

Rectangular Parallelepipeds {RPP) 

Once the coordinate system is established, the target is inclosed in an 
environment consisting of rectangular parallelepipeds (RPP's). The RPP's are 
solid geometric figures used for gross subdivisions of the target environment, 
which consists of the air surrounding and the ground under the target . 

Twelve RPP's are used for the nuclear analysis of targets, as shown in 
Figure 7, but only one RPP is required for conventional target analyses. 
Twelve RPP's should be considered for all target descriptions so as to 
standardize the target descriptions for use with either conventional or 
nuclear analyses. 

Identification Codes 

Each region is assigned an identification code for use with conventional 
vulnerability and MAGIC programs. A three-digit code is assigned to each 
component of the target, such as armor , gun tube; and a two- digit code is 
assigned to each space, such as inside air, outside air. A general division 
of identification codes might be as shown in Table 1. A component described 
using more than one region will have its ID assigned to each region. 

Grid 

All the rays that are traced through the target geometry originate in 
the grid plane, which is a plane divided into equal squares called grid cells 
and or iented so that a ray passed perpendicularly from the center of the plane 

5 
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+X 

FIG. 7. Twelve RPP's 
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ID Codes 

001-099 

100-199 

200-299 

300-399 

400-499 

500-599 

600-699 

700-799 

800-899 

900-998 

999 

TABLE 1. Identification Codes 

Component Codes 

Type of Component 

Internal components 

Types of armor 

Fuel components 

Miscellaneous exterior components 
Gun components 

Track suspension components* 
Wheel suspension components 
Power train components 

Miscellaneous components 
Not used at present 

The ground 
*ID Code 501 is reserved for the track; the computer assigns 502 if the track edge is hit. 

Space Number 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

Space Codes 

Type ot Space 

Not used at present 
External air 

Crew compartment air 
Not used at present 

Not used at present 
Engine compartment air 
Not used at present 
Not used at present 
Not used at present 

No further target 

NOTE: The operation of the MAGIC program will not allow assigning different space codes to bounding regions. In other words, a ray passing through the geomet ry cannot pass directly from outside air (01) to inside air (02). There must be a three-digit coded item between different space regions. 

8 
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to the target will intersect the target coordinate system origin. The grid 
plane is established with the following information: grid size, attack angle 
of the target, and back-off distance from the origin of the coordinate system. 

The attack angle is specified in terms of an azimuth and elevation angle 
using a right-handed coordinate system. A positive azimuth angle is measured 
from the positive X axis in a counterclockwise direction when viewed from 
above, as shown in Figure 8 . Elevation angles are measured from the X-Y 
plane positive upward. 

The back-off distance is the distance from the origin of the coordinate 
system used in the target description to the grid plane. All the rays orig­
inating from a common grid plane must start in the same region; therefore, 
the grid plane must be placed within the bounds of one region. If the grid 
plane is to include the entire target , it must lie outside the target as 
described in the region description. If only a certain component of the 
target is to be considered (for instance, the engine of a tank), care must 
be taken to insure that the grid plane lies outside the engine as described, 
that it lies within the bounds of only one region, and that all rays end in 
a common region. 

Cellular Output 

The basic output of the MAGIC simulation cons ists of cellular output 
obtained from the ray tracing computations. The ray tracing phase is the 
process whereby rays (one for each cell) are traced perpendicularly from the 
grid plane through the target geometry. The calculated output for each ray 
consists of the line-of-sight thickness of each geometric region traversed. 
the obliquity (angle of incidence) of the ray with respect to the first 
surface of each region encountered (excluding air or spaces), and the normal 
or perpendicular distance through each region from the point of entry (exclud­
ing air or spaces). One unique feature of the program is that thicknesses 
of bounding geometric regions with like functional identifiers are cumulative. 
A representative vehicle section for target cell description data is shown 
in Figure 9. 

Data Input Error 

The simulation contains statements to check the validity of the target 
geometry data. Some of the errors are considered fatal and will cause execu­
tion to terminate, while others will be noted and special error messages 
printed . A tally is maintained of the non-fatal errors; if they exceed a 
specified number, execution terminates. Table 2 lists the error items and the 
subroutine in the simulation where the error check statement is located. 

9 
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Subroutine 

GENI 

RPPIN 

TABLE 2. Data Input Errors 

Description 

Body card does not contain correc t 
body abbreviation 

Minor radin~ of torus equal to or 
greater than major radius 

Semi-major and semi-minor axes of 
truncated elliptical cone are not 
perpendicular or height vector is 
parallel to base 

Radii of upper and lower bases same 
for truncated elliptical cone 

Vectors used to describe a box, 
right angle wedge, or truncated 
ellipt ical cone are not mutually 
perpendicular 

Storage locations for body data 
exceed allowable value 

Logical operator was not located 

Stor age locat ions for region data 
exceed allowable value 

Number of regions in region table 
input does not match the number 
of regions specified 

Number of body description cards 
does not match the number speci­
fied 

Region descrintion error 

Storage for enter/leave table 
exceeded 

RPP description err ors 

12 

Error Type 

Fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Fatal 

Fatal 

Fat.al 

Fatal 

Fatal 

Fatal 

Fatal 

Fatal 



Subroutine 

ALBERT 

VOLUM 

MAIN 

CALC 

Gl 

WOWI 

ARS 

RPP 

AREA 

TABLE 2 . (Concluded) 

Description 

Undefined plane in arbitrary con­
vex polyhedron (ARB) input 

Four points describing a face of 
of ARB are not in a plane 

Error in numerLng points of ARB 

Next region numoer negative 

No storage available for region 
identification data 

Error in body type number 

No normal found for arbitrary 
surface 

Error ~n body type number 

No intPrsect found in region 

Error in body numoer of inter­
sected RPP 

Error in surface number of inter­
sected RPP 

No entries in reg1on enter table 

No region found tor present point 

Distance to next reg~on is l~ss 
than zero 

Er ror in body type number 

Data in hit table is in error 

More than two surfaces of RPP 
were intersected 

Storage for area data exceeded 

13 
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Error Type 

Non-fatal 

Non-fatal 

Non-fatal 

Fatal 

Fatal 

Fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Non-fatal 

Fatal 
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OPTIONAL ROUTINES 

Three optional subroutines--TESTG, VOLUM, and AREA--are available to 
the user for performing special computations. 

Subroutine TESTG 

This routine may be used to trace a specified number of rays in any 
portion of the target. These special computations are useful in checking 
the input data target geometry and region specifications. 

Subroutine VOLUM 

This routine may be used to compute the volume of each region contained 
within a specified portion of the target. An imaginary box is specified, and 
the volume of each region in the box is computed. 

Subroutine AREA 

This routine may be used to compute the presented area of the target as 
viewed from the specified attack angle. The presented area data is categor­
ized according to the component identification number of the first component 
struck by the rays and to the total target. 

14 
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SECTION II 

MATHEMATICAL MODEL 

This section presents the mathematical model employed in the simulation 

to perform the ray tracing calculations. Descriptions are provided for six 

major elements: 

1. Intersection distance calculations involving the various geometrical 

shapes. 

2. Normal distance calculations involving the various geometrical 

shapes. 

3. Grid plane and ray starting point geometry. 

4. Solutions to quartic and cubic equations. 

5. Data arrangement in the principal (MASTER-ASTER) storage arrqy . 

6, Conceptual type flowcharts for the maj or control and i nput 

processing subroutines. 

In each section the appropriate geometrical re lationships are described, 

necessary assumptions and constraints delineated , and required algebraic 

relationships established. 

The equations in the mathematical model that are boxed are the major 

equations that are used in the simulation model that gave rise to a FORTRAN 

statement. The same equation can be found in the appropriate section of 

the simulation model and is also shown as a boxed equation for ease of 

cross-refer encing. 

15 
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RECTANGULAR PARALLELEPIPED (SUBROUfiNE RPP) 

Subroutine RPP calculates the intersection distances (if any) of a ray 
in space and a rectangular parallelepiped. The intersection distances, RIN 
and ROUT, are calculated by solving simultaneously the ray equation and the 
equations defining the six bounding planes of the RPP. 

The rectangular parallelepiped must have bounding surfaces parallel to 
the coordinate axes. The bounding planes of the RPP are therefore defined 
by specifying the maximum and minimum values of the x, y, and z coordinates 
as shown in Figure 10. 

X min- - -

' " ­WB 
~--~------~------~1 

z max 

--- -- z 
min 

X intersect point on body 

/ 
/ 

/ XB starting point of 
X 

WB direc tion cosines 
y 

min 
y/ 

max RIN distance to 
intersect 

ROlJI' distance to 
intersect 

FIG. 10. Rectangular Parallelepiped 

Any intersect X along ray WB from point XB is given by 

X = XR + WB·S 

where 

XB (x ,y ,z ) is a fixed point on the ray. 
0 0 0 

WB (W ,W ,W ) is the direction cosines of the ray. 
X y Z 
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Thus, for any value of the scalar, S, Equation {1) will give a point 

X (x,y,z) along the ray. 

Therefore, the distance to any one of the six surfaces of the RPP can be 

expressed as 

I J 

1 

2 

3 

1,2 

3,4 

5,6 

(2) 

where J = 1, 2, 3 for the x, y, and z coordinates, respectively, and 

I= 1-6 for the six surfaces of the RPP. The surfaces are denoted as 

follows. 

xs
1 

xs
2 

xs
3 

xs
4 

xss 

xs
6 

= X plane coordinate 
min 

X plane coordinate 
max 

= Y plane coordinate 
min 

Y plane coordinate 
max 

Z plane coordinate 
min 

= Z plane coordinate 
max 

When WB
1 

= 0, the ray is parallel to the J pair of planes and no intersection 

will occur. When SI < 0, the ray is moving away from the plane and no inter­

section with the Flane will occur. 

Knowing s
1

, the distance from XB to the intersection of the plane, the 

y-z coordinates (assume an X plane for illustration) can be determined by 

ray Equation(l)as follows. 

XB + WB c c 

where C represents the y or z coordinate. 

17 
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The given intersection , XI, wi t h an X plane is within the boundary of 
the RPP if the y - i coordinates of the intersect are within the Y and Z 
bounding planes . Therefore, XI (the intersection with an X plane) is within 
the boundary of t he RPP when 

y < y < y 
min- C- max 

z < z < z 
min- C- max 

where YC and ZC are the intersect coordinates of the X plane. 

(4) 

RIN is the minimum s1 that satisfies Equation(0, and ROUT is the maximum 
s1 that satisfies Equation(4~ If there are no s

1 
intersects that satisfy 

Equation (4), ROUT is set to -lo50 and RIN is set to 1oSO to represent a 
miss of the RPP. 

18 
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BOX (SUBROUTINE BOX) 

Subroutine BOX calculates the intersection distances (if any) of a ray 

in space and a bo~. The intersection distances, RIN and ROUT, are calculated 

by solving simultaneously the ray equation and the equations defining the 

sides of the box. 

The box is defined by· a vertex, V, and three mutually perpendicular 

length vectors. These three vectors represent the height, width, and length 

of the box as shown in Figure 11. 

FIG. 11. Bo.x 

19 

X intersect point of ray 

XB starting point of ray 

WB direction cosines of 
ray 

V vertex of box 

three mutually per­
pendicular ltmgth 
vectors of the box 

RIN distance to entry 
intersect 

ROUT distance to exit 
intersect 
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Any intersect X along ray WB from point XB is given by 

where 

X = XB + WB·S 

XB (x ,y ,z) is a fixed point on the ray. 
0 0 0 

WB (Wx ,Wy,Wz) is the direction cosines of the ray. 

Thus, for any value of the scalar, S, Equation(S)will give a point 
X (x,y,z) along the ray. 

(5) 

For any pair of sides of the box, one side contains the vertex, V, 
and the other side contains the point V +H., where i = 1, 2, or 3 for t he 

1. 
length vector perpendicular to the pair of sides considered . The equation 
of the side containing V is given by the dot product 

<v-x) · fi = o i (6) 

where X is any point on the side and i is equal to 1, 2, or 3 for the length 
vector perpendicular to the intersected sides. The equation of the opposite 
side of the box containing V + H. is given by the dot product 

1 

(v+li -x). H =o 
i i 

The intersection distances of the ray with the box are obtained by 
substituting the X of Equation (5) into Equations (6) and (7) giving 

for the side containing V and 

- (v-XB) iii + Hi ·lfi 
WB·Hi WB · Hi 

or 

20 
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for the side containing V+Hi· 
smaller and ~UT the larger. 

For a given pair of intersects, RIN is the 

From Equation {9) 

= iii ·Hi 
WB·lf 

i 

i 
5

i --
The sign of S V+H- Vis determined by the sign of WB·H1 since H1 ·Hi is 

always positive. 

Therefore, 

for 

OT 

for 

RIN = S i and ROUT 
i v i 

WB ·H > 0 
i 

i 
S V+H and ROUT i 

WB·H < 0. 
i 

RIN is the maximum of the RIN1 , and ROUT is the minimum of the ROUTi. For 

any ROUTi < 0 the ray cannot intersect the box so ROUT is set to -lo50 and 

RIN is set to 10SO. 

21 
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SPHERE (SUBROUTINE SPH) 

Subroutine SPH calculates the intersection distances (if any) of a ray 
in space and a ~phere. The intersection distances, RIN and ROUT, are calcu­
lated by solving simultaneously the ray equation and the equation defining 
the sphere (see Figure 12}. 

ROUT 

XB starting point of 

~ direction cosines 

v center of sphere 

R radius of sphere 

RIN distance to entry 
intersect 

ROliT distance to exit 
intersect 

FIG. 12. Sphere 

Any intersect X along ray WB from point XB is given by 

where 

X= XB + WB·S 

XB (x ,y ,z ) is a fixed point on the ray . 
0 0 0 

WB (W ,W ,W ) is the direction cosines of the ray. 
X y Z 

Thus, fo r any value of the scalar, S, Equation(lO) will give a point 
X (x,y,z) along the ray. 

ray 

of ray 

(10) 

The equation of a spher e of radius R about the point (V ,V , V ) for - X y Z any point X on the surface is 

--2 2 (X-V) • R (11) 

22 
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Substituting the X of Equation (10) into Equation (11) results in 

(- - -)2 2 XB + WB·S - v · - R = 0 

Let 

DX = XB-V 

Therefore, 

(- - )2 2 
DX + \VB ' S - R 0 

Rearranging Equation~2) for a quadratic equation in 'S' gives 

( --) -2 2 + 2S DX·WB + DX - R 0 

WB (W ,W ,W ) by definition are the direction cosines of the ray . 
X y Z 

Thus , 
-2 -2 -2 -2 
WB = W + W + \ol : 1.0 

Let 

X y Z 

B coefficient of 2S, (DX·WB) 

C constant term, (Dx2-R2) 

Then Equation(l3) becomes 

s2 
+ 2BS + C ~ 0 

Solving for S 

S -B±~ 

If (B
2-c) < 0, no real intersection occurs. 

If (B2-c) 0, the ray is tangent to the sphere. 

23 
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Therefore, 

RIN • - B - ~2-c 

ROliT = - B + 

In the case where (B 2-c) ~ O,Subroutine SPH sets RIN • 10
50 

and ROUT • -10
50 

to represent a miss condition. 

The constant term C < 0 implies that 
point XB (x ,y ,z ) is within the sphere. 0 0 0 

RIN = -10SO and ROUT = - B + ~2-c. 

24 

2 2 DX < R , which means that the 
Therefore. Sub routine SPH sets 
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RIGHT CIRCULAR CYLINDER (SUBROliTINE RCC) 

Subroutine RCC calculates the intersection distances (if any) of a ray 
in space and a right circular cylinder . The intersection distances, RIN 
and ROUT, are calculated by solving simultaneously the ray equation and the 
equations defining the right circular cylinder (see Figure 13). 

The right circular cylinder is defined by vertex V, height vector H 
through the center of the cylinder, and radius R. 

X 

RIN 

XB starting point of ray 

WB direction cosines of ray 

V vertex of the RCC 

H height vector of RCC 

E vector from vertex to 
point of contact 

R radius of RCC 

RIN distance to entry 
intersect 

ROUT distance to exit 
intersect 

FIG. 13. Right Circular Cylinder 

Any intersect X along ray WB from point XB is given by 

X= XB + WB•S (16) 

25 
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where 

XB (x ,y ,z ) is a fixed point on the ray. 0 0 0 

WB (W ,W ,W ) is the direction cosines of the ray. X y Z 

Thus, for any value of the scalar, S, Equation ~~will give a point X (x,y,z) along the ray as shown in the figure. 

Let h equal the ratio on the H vector of the height of the hit on the cylindrical surface as follows 

(17) 

Therefore the height of the hit with respect to the H vector is hH. Three sides of a right triangle can be defined by the vector, E, the height of the hit on the H vector, hH, and the radius of the right circular cylinder. R. Therefore 

2 2 -­
E· E = R + h H·H 

from the Pythagorean theorem. 

The vector, E, can be expressed as 

E = S·WB - (V-XB) 

Therefore, 

E·E = s2 + 2S•WB· (XB-V) + (XB-V) · (XB-V) 

Also from Equations (1 7) and (19) 

and 

(S·WB + XB-V) 'H h .. 
R·R 

2(- -)2 - -(- - )- [(- -) - ]2 SWB·H + 2S·WB · H XB-V·H +XB-V·H 
(- -)2 H·H 

26 
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Substituting Equations (20) and (21)into Equation (18) gives: 

s2[1- (w~·~)2]-
H·H 

[WB·H· (xi3-v) ·H - --1 
2S -- - WB· (XB-V) 

H·H 

Let 

T equal the coefficient of s2 

A.' equal the coefficient of 2S 

j.J I equal the constant term 

Therefore Equation (22) becomes 

I 'tS
2 - 2A. 1 S + l-1 1 = 0 

From Equation (22) and (23) T = 0 if WB is parallel to the H vector. 
Therefore no intersection with the side of the cylinder can occur. 

'For A • >. 1 /'t and l.i = l.i 1 /T Equation (23) becomes 

s2 
- ns + l.i = o 

Solving for S 

S = A + />.2-l.! 

2 
If (A. -].J) < 0, no intersection with the cylinder occurs. 

2 
If (A. -J.J) = 0, the ray is tangent to the cylinder. 

Therefore , 

RIN 

ROUT = A + h_ 2 
- ll 

27 
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for the intersect points with the cylindrical surface. 

When an intersect occurs in the plane containing V such that veccor E is within the plane, then vector E is perpendicular to the H vector. 
Therefore, 

E·H = 0 (26) 

Substituting Equation (19) into Equation (26) and solving for S (S can equal 
RIN or ROUT depending on the direction of the ray) results in 

<v-iB> ·ii 
w (27) 

If S < 0 the ray is moving away from the V plane and no intersection v-
will occur. 

When an intersect occurs in the plane containing V+H such that the vector 
E-H is within the V+H plane, then vector E-H is perpendicular to the ~vector. 
Therefore 

(E-H)·H • 0 (28) 

Substititing Equation{l9) into Equation(28) and solving for S (S can equal 
RIN or ROUT depending on the direction of the ray) results in 

H·H + (V-XB)·H 
WB·H (29) 

If SV+H ~ 0, the ray is moving away from the V+H plane and no intersection will occur . 

If WB•H = 0, the ray is parallel to the planar surfaces and no intersections 
with either plane will occur. 

If WB•H; 0, intersects will occur with the planar surfaces and the 
cylindrical surface. For a valid intersect on the cylindrical surface it 
must occur between the two planar surfaces of the RCC . For a valid inter­
sect to be on a planar suface it must occur within the cylindrical cross 
section of the RCC. 

28 
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RIGHT ELLIPTIC CYLINDER (SUBROUTINE REC) 

Subroutine REC calculates the intersection distances (if any) of a ray 
in space and a right elliptic cylinder. The intersection distances , RIN and 
ROUT, are calculated by solving simultaneously the ray equation and the 
equations defining the right elliptic cylinder (see Figure 14). 

The right elliptic cylinder is defined by base vertex V, height 
vector H, semi-major axis A, and semi-minor axis B. 

ROUT 

XB starting point of ray 

WB direction cosines of ray 

v vertex of the REC 

if height vector of the REC 

A semi-major axis 

B semi-minor axis 

E vector from vertex to 
point of contact 

FIG. 14. Right Elliptic Cylinder 

Any intersect X along ray WB from point XB is given by 

where 

X = XB + WB·S 

XB (x ,y ,z ) is a fixed point on the ray . 
0 0 0 

WB (W ,W ,W ) is the direction cosines of the ray. 
X y Z 
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Thus, for any value of the scalar, S, Equation ~O)will give a point 
X (x,y, z) along the ray as shown in J1igure 14. 

The general form of an ellipse which is perpendicular to the z 
axis is 

or 

where 

2 2 
X y -+-,.. 1 

2 2 
a b 

2 - 2 a = A · A and b c B . B 

The origin of the ray XB and the direction cosines of the ray WB can be 
transformed into the coordinate system of the REC, where V now becomes the 
origin, the x-axis is along the semi-major axis, the y-axis is along the 
semi-minor axis, and the z-axis is coincident with the H vector, by the dot 
products 

VP A .. (V - XB) • A 

VP ... (V - XB) • B 
B 

WA = WB • A 

WB = WB • B 

The intersection of the elliptic cylinder of Equation (32) and the trans­
formed ray from the above dot products can now be considered, where the 
new intersect equation is 

IE = VP + S·W I 
which on substituting into Equation (32) yields 

30 
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or 

Collecting terms and regrouping for a quadratic equation in S results in 

Let 

s~ [(B·B HwA)2 + (A:.A:)(wB)2] 

-2s[(B·B)(VP ·W) + (A·A)(VP ·WB )] 
A A B 

+[( i·i )(w-A )2 + ( A·A )(wB )2 - (A·A) ("B·"B) J = o 

T equal the coefficient of s2 
A I equal the coefficient of 2S 

I equal the constant term )J 

Therefore Equation (35) becomes 

TS
2 

- 2A 1 S + ll' - 0 

For /.. = ). 1 /1 and ll = IJ 'IT Equation (36) becomes 

Solving for S 

If (t..2- ll) < 0, no intersection wita the elliptic cylinder occurs. 

If (/..2- IJ) = 0, the ray is tangent to the cylinder. 

If th~c£efficient_of S~ ~' is zero, and since from Equation (35) 

WA = WB·A = 0 and WR = WB ·B = 0 when the ray is parallel to the H vector 

(or perpendicular to the A and B vectors) intersections can only occur with 

the planar surfaces. 

31 
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Therefore, possible candidates for RIN and ROUT with the quadratic surface are 

ROtrr • ). + .h. 211 

When an intersect occurs in the plane containing V 

and for an intersect occurring in the v+H plane 

Therefore, RIN = SV and ROliT "' SV+H when WH > 0 , or RIN = SV+H and ROliT • SV 
when WH < 0. When WH • 0, the ray is parallel to the two planes, and inter­
sections can occur only with the quadratic surface. 

(37) 

(38) 

(39) 

(40) 

When RIN or ROUT is an intersect with the quadratic surface the intersect 
must lie between the two planar surfaces to be a valid intersect. Therefore, 

(41) 

where S is either RIN or ROliT for the quadratic surface. 

When RIN or ROUT is an intersect with a planar surface the intersect must 
lie within the elliptic cross section to be a valid intersect. Therefore, the 
evaluation of Equation~6)must be negative. Therefore, 

2 
S - 2AS + lJ < 0 (42) 

where S is the RIN or ROUT value. 
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RIGHT TRUNCATED CONE (SUBROUTINE TRC) 

Subroutine TRC calculates the intersection distances (if any) of a ray 
in space and a right truncated cone. The intersection distances, RIN and 
ROUT, are calculated by solving simultaneously the ray equation and the 
equations defining the right truncated cone. 

The right truncated cone is defined by a vertex,V, a height vecto~H, 
a radius at the vertex,~, and a radius at V+H. ~ (see Figure 15) . 

XB starting point of ray 

WB direction cosines of ray 

H height vector of TRC 

v vertex of the TRC 

RB radius of 
the TRC 

the base of 

R.r radius of the top of 
the TRC 

RIN distance to 
intersect 

X ROtiT distance to 
intersect 

FIG. 15. Right Truncated Cone 

Any intersect X along ray WB from po.int XB is given by 

where 

XB (xo,yo, 

WB (W ,W , 
X y 

X=XB+\VB·S 

z ) is a fixed point on the ray . 
0 

W ) is the direction cosines of the ray. 
z 

entry 

exit 

Thus, for any value of the scalar, S, Equation(43) will give a point 
X (x,y,z) along the ray as shown in the figure . 
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Let Q be a point along the height vector such that the vector (Q-X) is 
perpendicular to the height vector H, or 

<Q-x) ·H" = o 

Q can then be expressed as 

(44) 

Q = V + YH (45) 

where 0 2. Y ~ 1.0, and YH is the distance from V to Q. Substituting Equations 
~3) and (45) into Equation (44) results in 

(V+YH-XB-WB·S) ·H = 0 

Solving for Y results in 

'f = <XB"-v) ·H + WB"·ii·s 
H·H 

The radius of the TRC at point Q is expressed by 

Three sides of a right triangle can be defined by the height of the hit on 
the H vector, YH, the radius of the TRC at Q, R, and the vector between V 
and X. Therefore, 

(46) 

(47) 

(48) 

from the Pythagorean theorem. Substituting Equations (431 (46) , and (47) into 
Equation (48) and solving for S, the following quadratic equation in S is 
obtained. 

82 I 1 - (WB·H)2 I ~-~ + <R.r-t;/ I I 
H·R 

-2S I (WB •H) • [ (XB-V}. H + cljl (49) - (XB-V)· WB+ 
H•H 

+ I [orn-V> 2
- c/] [(XB-V) ·Hl 

2 I· 0 

H.H 
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where 

c1 • (V~)~RB _ (1!-RB~~V-iffi).ii]l 

= R ~f~) [(v-iB ).1!) 
C2 B H·H 

Let 

T equal the coefficient of s 2 

).' equal the coefficient of 2S 

J.J ' eq ual the constant term 

Therefore Equation (49) becomes 

tS
2 - 2>- ' S + J.J' ::: 0 (50) 

From Equations (49) and (SO) T = 0 only when WB is parallel to the H vector 
and~=~· For those conditions no intersections with the side of the 

cylinder could take place. 

For).,~ ).'/T and~= J.J'/t Equation (50) becomes 

s2 
- 2).S + u = o 

Solving for S 

s = )., ± fA2_~ 

If (A2-J.J) < 0, no intersection with the TRC occurs. 

If (). 2-~) = 0, the ray is tangent to the TRC. 

If ().2-J.J) > 0, then: 

RIN 

ROUT 

are the possible intersect points with the quadratic surface. 
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From Equation (45), Y must satisfy 0 < Y > 1. Substituting Equation (46) 
for Y results in 

0 < (XB-V) ·H + WB·H·S < H·H (53) 

for S to intersect the real part of the cone, where S can equal either 
RIN or ROUT. 

When an intersect occurs in the V plane s uch that the vector (X-V) lies 
within the plane , the vector (X- V)is perpendicular to the H vector. · 
Therefore, 

---(X-V)·H = 0 (54) 

From the figure it can be seen that 

(X-V) = WB·S - (V-XB) (55) 

Subs tituting Equation (55) into Equation (54) and solving for S (S can 
equal RIN or ROUT depending on the direction of the ray) results in 

Cv-n) ·H 
WB·H 

If S < 0~ the ray is moving away from the V plane, and no intersection v-
will occur. 

(56) 

For an intersect in the V plane to be valid,the length of the vector 
from V to the intersect X, or (X-V), must be equal to or less than the radius 
of the base plane, ~· or 

Length of (X-V) ~ length of ~ 

and 

(X-V)•(X-V) < R ·R 
- B B 

From Equation (55) 

(X-V) = S ·WB - (V-XB) 
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or 

which results in 

Therefore, for a valid intersect in the V plane to occu~ Equation(57)must 

be sati sfied for S equal to SV. 

(57) 

When an intersect occurs in th~ V!H_plane such that the vector [X-(V+H)] 
lies within the plane, the vector [X-(V+H)] is perpendicular to the H 
vector . Therefore, 

((X-V)-H] ·H = 0 (58) 

Substituting Equation (55) into Equation (54) and solving for S (S can equal 
RIN or ROUT depending on the direction of the ray) results in 

(V-XB) ·H + H·H I 
WB·H 

If S < 0, the ray is moving away from the V+H plane, and no intersection 
V+H -

occurs. 

{59) 

For an intersect in the V+H plane to be valid, the length of the vector 
from V+H to the intersect X, or [X-(V+H)], must be equal to or less than the 
radius of the top plane, Rr• or 

Length of [(X-V)-H] ~length of ~ 

and 

From Equation (55) 

(X-V) = S·WB - (V-XB) 
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or 
- --- - --- 2 

[S·WB- (V-XB) -H] [S·WB-(V-XB)-H] ~ ~ 

which results in 

Therefore, for a valid intersect in the V+H plane to occu~ Equation (60) must 
be satisfied for S equal to SV+H 

If WB•H = 0 the ray is parallel to the planar surfaces, and no inter­
sections with either plane will occur. 
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ELLIPSOID OF REVOLUTION (SUBROUTINE ELL) 

Subroutine ELL calculates the intersection distances (if any) of a ray 
in space and an ellipsoid of revolution . The intersection distances, RlN 
and ROUT, are calculated by solving simultaneously the ray equation and the 
equation defining the ellipsoid of revolution (see Figure 16). 

XB starting point of ray 

WB di rection cosines of 

c length of the major 
axis 

F a'Fb foci of the ellipsoid 

RIN distance to entry 
intersect 

X ROUT distance to exit 
intersect 

FIG. 16. Ellipsoid of Revolution 

Any inter sect X along ray WB from point XB is given by 

X= XB + WB ·S (61) 

where 

XB (x ,y , z ) is 
0 0 0 

a fixed point on the ray. 

WB (W ,w ,w ) is the direction cosines of the ray . 
X y Z 
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Thus, for any value of the scalar, S, Equation(6l)will give a point 
X (x,y,z) along the ray. 

For any point X on the surface of an ellipsoid with foci Fa and Fb and 
major axis length C, the equation is 

"(X-F )2 + "(X-F )2 
a b c 

where the terms V(X-Fa)2 and V(X-Fb) 2 are -the distance from point X 

on the surface of the ellipsoid to the foci. 

Substituting Equation (6I) into Equation (62) results in 

Let 

Therefore 

or 

Squar ing both sides of Equation ~3)and collecting term gives 

_n::.l 
2_-_n;:./_-_c_2 

+ ( 2D1 • WB - 2D 2 • WB) 

-2C -2C 
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Let t i ng 
-2 -2 - c2 Dl - D 

A 
2 

(the first term) 
-2C 

and 
WB - 2D • WB 20

1 
B 

2 
(the second term) = -2C 

gives 

A+ B· S = ~(n2 + WB•S )
2 

(65) 

Squaring Equation (65) , collecting terms for a quadratic in S, and noting 
that WB (W ,W ,W ) by defin ition are the direction cosines of the ray and 

X y Z 

WB2 = W 2 + W 2 + ~ 2 = 1.0 gi ves 
X y Z 

2 ( 2 ) ( - - ) ( 2 - 2) S B - 1 + 2S A·B- D
2

·WB + A -D
2 

e 0 

Letting 

gives 

If). 

T = coefficien t of s2 

A' = coefficient of 2S 

~ · = constant term 

2 
TS + 2A ' S + ~ · = 0 

A' /T and lJ ' h 
2 + 2!.S )J = then S + lJ 

A·B - D22 WB 
A = 

s2- 1 
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Solving for S 

S=-1.+ ~ 

If (1- 2-~) < 0, no real intersection occurs. 

If (A 2-~) = 0, the ray is tangent to the ellipsoid. 

Therefore, 

I RIN - A -

I ROtrr "' - A + ~ 

In the case where (A2-~) ~ 0 Subroutine ELL sets RIN 
to represent a miss condition. 
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RIGHT ANGLE WEDGE ( SUBROUTINE RAW) 

Subroutine RAW calculates the intersection distances (if any) of a ray 
in space and a right angle wedge. The intersection distances, RIN and ROUT, 
are calculated by solving simultaneously the ray equation and the equations 
defining the sides of the right angle wedge. 

_The right angle wedge is defined by vertex V and length vectors H1 , H2, 
and H3. The £ight angle wedge has five sides; the diagonal side is always 
opposite the H3 length vector as shown in Figure 17 · 

z 

X 

\ 

y 

\ 
\ 
\ 
\ 

\ --\ _..--
H~,r- X 
/ 

v 

XB 

vertex of the RAW 

length vectors of the RAW 

point on a plane where the 
ray intersects the plane 

starting point of ray 

WB direction cosines of ray 

S·WB distance from XB to point 
where ray intersects plane 

RIN distance to entry intersect 

ROUT distance to exit intersect 

FIG. 17. Right Angle Wedge 
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Any intersect X along ray WB from point Xi is given by 

where 

X • XB + WB• S 

XB (x ,y ,z ) is a fixed point on the ray . 
0 0 0 

WB (W ,W ,W ) is the direction cosines of the ray. 
X y Z 

Thus, for any value of the scalar, S, Equation (71)wi11 give a point 
X (x,y,t) along the ray. 

Each of the five planes of the right angle wedge can be expressed in 
terms of any vector within the plane, and the normal to the plane, since 
the dot product of the two is equal to zero. 

(71) 

Therefore, the dot product of a vector from any point X in ~he plane to 
the vertex (or vertex plus height vector) and the length vector H perpendicular 
to the side containing X can be expressed for the five sides as follows: 

For the rectangular side perpendicular to H
1 

(X-V)'H • 0 
1 

For the rectangular side perpendicular to H
2 

(X-V)·H z 0 
2 

For the triangular side containing V 

(X-V)·H • 0 
3 

For the triangular side containing V+H
3 

For the slanted side opposite B
3 

-- -2- -2-
[X- (V+B

1
)]·(H

1 
· B

2 
+ H

2 
'H

1
) • 0 
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-2- -2-The term (H1 ·H2 + H2 ·H
1) is the normal to the slanted side and is derived 

as follows: 

FIG. 18. Right Angle Wedge Normal Derivation 

From Figure 18, N is perpendicular to the slanted edge and is equivalent to 

where 
a and 8 are proportional ity constants 

Let 
H

1 and H
2 equal the magnitudes of vectors H1 and H2 

respectively. 

Therefore, by similar triangles 

aH
1 H2 H 2 

and a 6 
2 = 

H 2 aH2 Hl 
1 

Therefore, 

H 2 
N = 6 

2 
. Hl 

H 2 + 6 · H 2 
1 

and 
H 2 

H 2 2 1 • N = . R + Hl H2 8 2 1 

45 



TN 4565- 3- 71 Vol II 

Since a1
2 is a scaler which affects the length of N, it can be ignored. 

8 

Therefore 
- -2 - -2 
N = H ·H_ + H ·H 2 -~ 1 2 

-2 2 since H = H·H = H 

Substituting ray Equation (71) into each of the five side equations and 
solving for S, the distance from the ray origin, XB, to each side, results in 

For the rectangular side perpendicular to H
1 

For the rectangular side perpendicular to H
2 

(V-XB) ·Hz 

WB·H 2 

For the triangular side containing V 

(V-XB) • li 
3 

For the triangular side containing V+H
3 

(V-XB) ·H + (H )
2 

3 3 

WB•H 3 

For the slanted side opposite a
3 

s == 2 

cv-xii) ·N + di1·i> 

and 
(ii1• ii1) (ii~) - [<iB-v>· ii1] (a;) -(<xs-v> • ii2] (iii) 

82 
= (n~)(WB·H1) + (H~)(WB·H2 ) 

since 0 
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where 

- - 2- -2-
N = H • H + H • H_ 

1 2 2 ~ 

In the above distance equations if the value of the numerator and the 
denominator are such that the value of the distance, S, would be negative, 
the ray is moving away from the RAW and no intersection will occur. 

If the ray hits the RAW, there will be two intersects. RIN will be 
the minimum positive S, and ROUT will be the maximum positive S. 

In order to simplify computation let 

where 

i = 1, 2 , 3 

Therefore, the distance equations become 

S6 = (-P3+A3)/G31 

substituting Equations (72), (73), and (74) into the expression for s
2 

from the previous page results in 
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ARBITRARY POLYHEDRON (SUBROUTINE ARB) 

Subroutine ARB calculates the intersection distances (if any) of a ray 
in space and an arbitrary polyhedron. The intersection distances,RIN and 
ROUT, are calculated by solving simultaneously the ray equation and the 
equations defining the six planes of the arbitrary polyhedron. 

six 
The arbitrary polyhedron is described by eight points which define the 

planar surfaces shown in Figure 19 below: 

sl ""Pl, 

s2 "' P7, 

s3 c Pl, 

s4 - p 3' 

ss • Pl, 

s6 • P2, 

P2, p 4. p3 

p 8' P6, Ps 

p 2' p8' p7 

P4, P6, Ps 

p 3' Ps· p7 

p4' p6' PB 

p6 

Pa 

WB 

XB 

WB 

S•WB 

X 

Pl-P 8 

starting point 
of ray 

direction cosines 
of ray 

distance from XB 
to point where ray 
intersects plane 

point on plane where 
ray intersects plane 

eight points which 
describe the 
arbitrary polyhedron 

RIN distance to entry 
intersect 

ROUT distance to exit 
intersect 

FIG. 19. Arbitrary Polyhedron 
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Any intersect X along ray WB from point XB is given by 

X= XB + WB·S (80) 
where 

XB (x
0

,y
0

,z
0

) is a fixed point on the ray. 

WB (W ,W .w ) is the direction cosines of the ray. 
X y Z 

Thus for any value of scalar S, Equation (80) will give a point X (x~y,z) 
along the ray. 

Every plane is represented by an equation of the first degree in one of 
the variables x,y,z. The general equation of a plane is 

Ax + By + Cz + D = 0 

provided that A, B, and C are not all zero. A plane can be defined as passing 
through three points (three-point form) P1= (x1 ,y

1
,z

1
), P2= (x2 ,y

2
,z

2
), and 

P3= (x3 ,y3,z3), which must not lie in a straight line, by expanding the 

determinant 

X y z 

xl yl z1 

x2 y2 z2 

x3 YJ z3 

or, 
yl zl 1 zl x1 

Yz z2 1 
X + z2 x2 

y3 z3 1 z3 x3 

therefore, from the general form 

A = ylz3 ylz2 + 

B 

c 

1 

1 

1 
0 

1 

1 )(1 yl 1 

l y+ x2 Yz 1 z -
1 

of the 

YzZl -

x3 YJ 1 

equation 

y2z3 + y3z2 - y3zl 

x2zl + x3zl - x3z2 

x2y3 + x3y2 - x3yl 

xl yl zl 

x2 Yz z2 

x3 y3 z3 
0 

Each of the six planes of the arbitrary polyhedron is described by the equation 
of a plane (after the eight points are converted into six plane equations) 
where the sign of the coefficients is adjusted such that 
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for all (x,y , z) on the surface or interior of the figure where i = 1-6 for each of the six sides . 

The direction cosines of a normal to the defined plane are given by 

WB 
X 

WB 
y 

WB z 

A 

B 

Substituting the components of ray Equation (80) into the equation for the six sides of the ARB results in 

A •(XB + S·WB) + B ·(XB + S·WB) + C
1

·(XBz + S •WBz) + Di 0 i X X i y y 

Solvin~ for S 

s .. = 
l. 

(A. ·XB + Bi·XB + Ci·XB +D. ) - l. X y Z l. 

A ·WB + B ·WB + C ·WB i X i y i Z 

(82) 

Therefore, givenS., the point of intersection with each plane is given by l. 

I iii = XB + s i ·WB 
(83) 

XI
1 

lies on the surface of the arbitrary polyhedron if 

I Ajx+BjY+CjZ+Dj~o I (84) 

where X, Y, Z are the components of the Xli and j = 1-6 for each of the 
six sides. 

Since the ray can only intersect two sides of the ARB, Equation (84) will be satisfied for two planes only. Therefore, RIN is the minimum Sf, and ROUT is the maximum Si• If ROUT < 0 or if none of the six Sf'S 
satisfies Equation (84), no intersection occurs with the arbitrary polyhedron. 
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TRUNCATED ELLIPTIC CONE (SUBROUTINE TEC) 

Subroutine TEC calculates the intersection distances (if any) of a ray 
in space and a truncated elliptic cone. The intersection distances, RIN and 
ROUT, are calculated by solving simultaneously the ray equation and the 
equation that defines the truncated elliptic cone. 

The truncated elliptic cone is defined by a vertex, V; a height vector , 
H; a unit vector, N, normal to the base ellipse; the radius along the semi­
major axis of the base ellipse, Rl; the radius along the semi-minor axis of 
the base ellipse, R2 ; the ratio of the base ellipse to the top ellipse, RR, 
f rom which is computed the radius along the semi-major axis of the top 
ellipse, R3; and the radius along the semi-minor axis of the top ellipse, R4. 

XB starting point of ray 

WB direction cosines of ray 

V vertex of the TEC 

H height vector of the TEC 

N normal unit vector to the 
base ellipse 

A semi-major axis of base 
ellipse {unit vector) 

Rl radius a long the semi-major 
axis of base ellipse 

R2 radius along the semi-minor 
axis of base ellipse 

R3 radius along the semi-major 
axis of top ellipse 

R4 radius along the semi-minor 
axis of top ellipse 

FIG. 20 Truncated Elliptic Cone 

Any intersect X along ray WB from point XB is given by 

X = XB + S·WB (85) 
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where 

XB (x , yo, z ) is a fixed point on the Tay. 
0 0 

WB (W ' 
X 

w t 
y 

w ) 
z 

is the direction cosines of the ray. 

Thus, for any value of the scalar, S, Equation (85) will give a point X(x,y ,z) 
along the ray as shown in Figure 20 . 

Case 1 

Compute the intersect distances (if any), RIN and ROUT, for a ray that 
is parallel to the top and base planes where 

'WB·lf = o 

Since the normal, N, is a uni t vector, the distance from the base ellipse 
to the top ellipse is the projection of the height vector, H, onto the normal , 
N, and is represented as 

H·N 

The projection of the 0{-XB) vector onto the normal, which is the distance 
from the base ellipse to the height of the inteTsect for a ray parallel to 
the planar surfaces, is represented as 

-(V-XB) ·N" 

Therefore, the ratio, y, of the height of the intersect ellipse to the 
distance between the top and base planes along the normal is 

-- -
y IZ 

(V-XB)•N 
H·N 

and 

fo r an intersect to occur between the two planes of the TEC. 
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Let M equal the radius of the intersected ellipse along the major axis 
and m equal the radius of the intersected ellipse along the minor axis. 
Therefore, as shown in a partial cross-section nf the TEC (Figure 21). 

R3 

I 
I 
I 
I 

R3 I ---,-
1 T 

y I 
I 

J. R3 1Rl-R' __[__ ...__.:,:.::.,._..J..;..;:=.,....:.;::,a 

_.....:;;1;__ :: 1-Y 
Rl-R3 T 

v Rl FIG. 21 . TEC Cross-Sect ion 

and 

T = (Rl-R3) - Y (Rl-R3) 

M = T + R3 

Therefore 

M = YR3 + Rl (1-Y) 

It can simil arly be shown that 

m = yR4 + R2 (1-Y) 

From the partial cross- section above it can also be seen that 

1 
8 

y 

h 
or h = YH 

Therefore , the vertex, VV , of the intersected el lipse is 
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and the vector from the intersect point to the vertex, VV, of the intersect 
e l lipse is 

X- VV 
(89) 

Substituting ray Equation (85) and Equation (88) into Equation (89) results in 

XB + S • WB - V - yH (90) 

The equation of the intersection ellipse is given by 

(91) 

Since A is the semi-major axis unit vector of the base ellipse , the semi-minor axis unit vector of the base ellipse is 

B=AXN 

Therefore, from Equations (90) and (91) 

- 1 

Solving for S and grouping terms for a quadratic in S results in 

s2[m2 (ws ·A)2 + M
2 

( WB·{A X N ))2
] 

-2s[m2(WB·AHv-XB + yH)·A + M2·WB·(A x"N)~v-XB + -y}l).(AxN))] (92) 

2((-- -) -)2 z((-- -) (- -))z 2 2 +m XB-V-YH ·A + M XB-V- YH ·A XN - M m = 0 
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Let 

1" equal the coefficient of s2 

A equal the coefficient of 2S 

ll equal the constant term 

Therefore Equation (~i) becomes 

2 
TS - 2AS + ~ 0 

Solving for S 

s = 

If (A 2-~T)< 0, no intersection with the TEC occurs. 

Case 1 specifies a ray parallel to the top and base planes. Therefore, from 
Equation (92), T cannot equal zero. 

If /ALJ.!'t" > 0 and IT I> 0.0001 then 

RIN 
A - ./).2-u T 

T 

ROUT 
A + /1.2-J.(T 

= 
T 

are the intersects with the quadratic surface if ROUT> RIN, I RIN-ROUTj 
> 0.0001, and ROUT > 0. 

Case 2 

(93) 

(94) 

Compute the intersect distances (if any), RIN and ROUT, for a ray that 
is not parallel to the planar surface of the TEC where 
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Let a equal the distance along the ray from the plane of the base ellipse to the plane of the top ellipse. Therefore 

a = H·N 
WB·N 

Let B equal the distance along the ray from the start of the ray (XB) to 
the plane of the base ellipse. Therefore 

a = 
(V-XB) ·N 

WB·N 

The distance along the ray from the start of the ray (XB) to the plane of 
the top ellipse is given by 

s ... a+ e 
T 

Let e equal the ratio of the distance between the base plane and the plane containing the intersect point to the distance between the base plane and the top plane (the plane containing the intersect point is parallel to the top and base planes). Therefore, the distance along the ray from the start of the ray (XB) to the intersect plane or contact point is given by 

s == ae + e (95) 

From Equation~ID the vertex, VV, of the intersected ellipse is 

vv = v + eif (96) 

and the vector from the intersect point to the vertex, VV, of the intersect ellipse is 

X- VV 
(97) 

Substituting ray Equation (85) and Equation~) into Equation (97) results in 

XB + S · WB-V-eH (98) 
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Since M is the radius of the intersected ellipse along the semi-major axis, 

and m is the radius of the intersected ellipse along the semi-minor axis 

and 
2 2 (Rl)2 

M "'m R2 

From Equation(87)it can be seen that 

m = 9R4 + R2 (1-8) 

or 

m = R2 + 9 (R4-R2) 

Substituting Equations (95), (98), (99), and (100) into Equation (91) results in 

Solving for 9 and grouping for a quadratic in 9 results in 

2[( - - - - )2 (Rl/ )2 ( -- - -\2 (Rl/ )2 ( )2] 9 aWB·A-R·A + R2 aWB·B-H·BJ - R2 R4-R2 

-29 [(aWB ·A-H·AJ((V-XB) ·A-BWB ·A)+ {Rl /R2) 
2 

(R2)(R4) _(Rl /R2 )
2

(R2 )2 

+(Rl /Rz)
2 

(aws ·B-H·BJ((V-XB) · B-BWB -~] 

+ f((v-xs)·A-BWB·A)2 +(R1/R2 )
2 ((v-XB")·B-BWB·B)2 - (R1/R2f(Rz)j .. o; 
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Let 

T equal the coefficient of e2 

A equal the coefficient of 29 

~ equal the constant term 

Therefore Equation(lOl)becomes 

2 
T6 +2A8 + lJ "" 0 

Solving for 8 

(102) 

(103) 

If T = 0 the H vector is perpendicular to the base and the ray is parallel 
to t he H vector, and the sides of the TEC are parallel as can be seen from 
Equation (101) . Therefore, intersections can only occur with the planar 
surfaces. 

If (A 2-~T) = 0 the ray is parallel to a s i de of the TEC and there can be only one intersect with the quadratic surface. Therefore, f""'olD Equation l 03) 

A 
8 =­

T 

For two intersects with the quadratic surface 

I 61 

-A+ />..2-)JT 

T 

I e = 
- A ,. I>.. 2-)JT 

2 T 

Choose such that e1 ~ 82 
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From Equation (q5) candidates for RIN and ROUT are therefore 

ROUT =a6 + f3 
2 

(106) 

For a valid intersect the intersect S must occur between the base and top 
planes. Therefore 

0 < s(wB·N)-(v-XB)·N< H·N (107) 

must be true for a valid intersect with the quadratic surface. 

When an intersect occurs with the V or base plane such that the vector 
(X-V) lies within the plane, the vector (X-V) is perpendicular to the 
normal N. Therefore , 

<x-V> · N = o 

Substituting ray Equation(85) 

and 

B (108) 

Similarly for an intersect with the V+H plane 
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or 

H ·N (v-xs) ·N s = ----+- a a+ B V+H WB·N WB·N (109) 

For a valid intersecti-on wi t h the base plane, the intersect must lie within the elliptic cross-section of the base. The inter sect with respect to the semi-major axis (A) is given by 

Fl "' S(WB·A) - (V-XB) ·A 

and the i ntersect with respect to the semi -minor axis (B) is given by 

F2 .. s (WB. B) - (V-XB) :s-

These values are substituted in the equation for an ellipse which mus t result i n a value of one or less for a valid intersect as follows 

Q112 + (F2)2 

(Rl) 2 {R2) 2 
< 1 

{110) 

An intersect with the top ellipse is tested in the same manner except radii R3 and R4 are used in EquationUlO). 
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TORUS (SUBROUTINE TOR) 

Subroutine TOR calculates the intersection distances (if any) of a ray 

in space and a torus, as shown in Figure 21 . The intersection distancest 

RIN and ROUT, are calculated by solving simultaneously the ray equation and 

the equation defining the torus . 

The torus is defined by a center, C; a radius, r1, from the center of the 

torus to the midpoint of the solid cir£ular portion; a radius, r2, of the_ 

circular cross- section; and a normal , n, to the plane of the torus. Let d be 

a unit vector in the direction of r1 at the intersect point, as shown in 

Figure 22. 

XB starting point of ray 

WB direction cosines of ray 

XP point of intersect with 
torus 

c center 
ROUT 

of torus 

rl radius of torus 

r 2 radius of circular 
cross-section 

n normal to plane of torus 
(unit vector) 

d direction of r 1 
(unit 

vector) 

m vector from midpoint of 
cross-section to point 
of contact 

n·n 1 

d·d 1 

2 
m·m = r2 

<I·n = 0 

XP XB+S·WB 

FIG. 22. Torus 
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Any intersect X along ray WB from point XB is given by 

X = XB + WB· S 

where 

XB (x
0

, y
0

, z
0

) is a fixed point on the ray. 

WB (W , W , W ) is the direction cosines of the ray. X y Z 

Thus, for any value of the scalar, S, Equation (111) will give a point 
X (x, y, z) along the ray, as shown in the figure. 

From Figure 22, it can be seen that 

Since 

and 

then 

; = (XP-c) - r d 
1 

XP = XB + WB·S 

Expanding and rearranging results in: 

_ _ _ r/ - r
1

2 
- (XB+S·WB-C)

2 

(XB+S • WB-C) · d • --'---.:::...--_-=
2-r----

1 

Also from Figure 22 it can be seen that 

and 

A= (XB+S·WB-C)·d- r 1 

B = (XB+S · WB-C) · n 
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Substituting A and B into Equation (113) results in 

(114) 

Substituting Equation (112) into Equation (114) and rearranging terms gives 

2 -- -- - 2 - --2 2 2 2 
4r1 [S·WB·n+(XB-C)·n] + ( (XB+S·WB-C) - (r

1 
+r2 )] 

By expanding Equation (115), realizing tha t WB·WB=l, and regrouping terms 
for a quartic equation in 'S' of the form 

results in the following coefficients for Equation (116) 

A = 1 

B = 4 WB· (XB-C) 

4r12(WB·~)2 + 4[WB·(XB-C)]2 + 2[(XB- c) 2 - 2 2 c = (r1 +r2 )] 

2----- -- - -- 2 2 2 
D = 8r (WB •n)[(XB-C)·n] + 4[WB·(XB-C)] [(XB-C) - (rl + r2 )] 

1 

E 

(115) 

(116) 

(117) 

With the values of A, B, C, D, and E known, Subroutine TOR calls Subroutine 
QRTIC to find the roots and number of real roots of Equation (116). 

Four real roots means that there are two sets of entry and exit 
intersects, or two sets of RIN and ROUT. 

Two real roots means that there is one set of entry and exit 
intersects, or one set of RIN and ROUT. 

No real roots means that the ray does not intersect the torus. 
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~ITRARY SURFACE (SUBROUTINE ARS) 

Subroutine ARS calculates the intersection distances (if any) of a ray 
in space and an arbitrary surface. The intersection distances, RIN and ROUT, 
are calculated by dividing the arbitrary surface into triangles and 
solving simultaneously the ray equation and the equation of each triangle on 
the arbitrary surface that lies within a given tolerance of the ray. 

The arbitrary surface is described by a specified number of curves and 
a specified number of points on each curve. A surface is constructed between 
the first curve and the second curve, between the second curve and the third 
curve, etc. Subroutine ARS computes triangles on the surface formed 
between two curves by using the points on the curves as shown in Figure 23. 

X intersect point 

XB starting point of 

WB direction cosines 

RIN distance to entry 
intersect 

5 
ROUT distance to exit 

intersect 

3 

X 

FIG. 23. Arbitrary Surface 

Any intersect X along ray WB from point XB is given by 

where 

XB (x ,y ,z ) is a fixed point on the ray . 0 0 0 

WB (W ,W ,W ) is the direction cosines of the ray . X y Z 
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TI1us , for any value of the scalar, S, Equation (118) will give a point X (x,y,z) 

along the ray. 

Subroutine ARS divides the surface between two adjacent curves into 
t r iangles using the specified points on each curve . The intersect distance 
and the normal (if any) are computed for each triangle as shown in the 
following figure of a single triangle from the arbitrary surface. 

v 

u 
/~~ 

I \ 
I \ 

I \ 
I \ 

I \ 
I \ 

I 
I \ (U-W) 

I \ 
I \ 

I \ 
I \ 

1/ \ 
I \ 

I \ 

1..---------------... w (v-w) 

U, V, W are points on the 
curves of the arbitrary 
surface 

FIG. 24. ARS Surface Triangle 

For the intersect XP within the triangle there is an~, 6, andy such that 

XP = XB + WB • S = aU + ev + yW (119) 

where 

a + e + y =1 

and 

0 < (l < 1 
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Substituting y = 1-a-e into Equation (119) results in 

aU+ BV + (1-a-S)W = XB + S·WB 

Collecting terms and rearranging results in 

a(U-W) + B(V-W) - S·WB = XB-W (120) 

Equation(120)can be written in terms of the x~ y, and z components as a matrix equation with three unknowns as follows. 

a(U -W) + IHV -w ) - S·WB ""XB -w X X X X X X X 

a(U -w ) + acv -w ) - S·WB XB -w y y y y y y y 

a(U -W ) + B(V -w) - S·WB = XB -w z z z z z z z 

Solving Equation(l2l)results in values for a, B,y (y • 1-a-6), and S. If a, e, andy satisfy the conditions a+ a+ y = 1 and 0 ~ (a,S,y) ~ 1, the ray intersects the triangle. 

The normal of the intersected triangle is computed from the cross product of two sides of the triangle, or 

N = (U-W) X ('V-Q) 

(121) 

Subroutine ARS computes the normal of the intersected ~riangle such that its direction is ou~ard from the arbitrary surface. The direction of the result­ant normal is compared with the direction of the ray to determine if the intersected triangle is an entry or exit intersect. 
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ANGLE OF OBLIQUITY (SUBROUTINE CALC) 

Given the body type and the intersected surface number (positive for 
an entry intersect, negative for an exit intersect) where a ray with direc­
tion cosines WS intersects the body, Subroutine CALC calculates the angle of 
obliquity, that is, the angle between the ray and the normal at the intersect 
point. 

To compute the obliquity_angle, the direction cosines of the normal WB, 
must be computed so that WB·WS > 0. Variable Q (XNOS in simulation model) is 
set +1 or -1 to insure a WB such that WB·WS > 0. 

The methods for computing the normal direction cosines, WB, for each 
of the twelve body types are given in the following paragraphs . 

Normal to the Rectangular Parallelepiped 

The direction cosines, WB, of the normal to the intersected surface of 
an RPP are determined from the fact that the bounding planes are parallel 
to the coordinate axes as shown in Figure 25. 

Surface 
Number 

1 

2 

3 

4 
5 

6 

y 

y . y 
m1.n max 

FIG. 25. Rectangular Parallelepiped 

Bounding Direction Cosines of Normal 
Plane into RPP [WB (x!_y,z)] 

X min (1, o, 0) 

X max. (-1, 0, 0) 

y min (0' 1, 0) 

y max. (0, -1, 0) 

z min (0, 0, 1) 

z max. (0, 0, -1) 
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Normal to the Box (Or Sides 1,3,5, or 6 of the Right Angle Wedge) 1 

The direction cosines of the normal to the intersected surface of a 
BOX is determined from the vector between the face pairs, one of which is 
the intersected face, as shown in Figure 26. 

v 
Hl 

FIG. 26. Box 

Surface 
Number Direction Cosines 

1 or 2 WB • Q (H2/IH2·H2) (122) X 

3 or 4 WB m Q (Hl/I:Hf ·Hl) (123) y 

5 or 6 WB R Q (HJ/IHJ·H3) (124) z 

Where ~ is the scalar length of the given vector, and Q is set to +1.0 
for an entry intersect or -1.0 for an exit intersect. If the box surface 
number is even, or if s urface number six of the RAW, the direction of the 
normal at the intersect is opposite the direction of the vector between face 
pairs so Q is set to -Q . 

Normal to the Sphere 

The direction cosines of the normal to the intersected surface of a 
sphere are determined from intersect point X, vertex V, and radius R, as 
shown in Figure 27. 
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FIG . 27 Sphere 

v - X 
WB X X 

Q 
X R 

(125) 

v - X 
WB = 1. y 

Q y R 
(126) 

v - X 
WB 

z z 
Q = 

z H. 
(127) 

where Q is set to +1.0 for an entry intersect or -1.0 for an exit intersect. 

Normal to a Planar Surface of the Right Circular Cylinder , The Right 
Elliptical Cylinder, or the Truncated Right Cone 

The direction cosines of the normal to the intersected planar surface 
of an RCC or REC are determined from height vector H as follows 

H 
WB 

X 
Q =:o 

X /H.}i 
(128) 

H 
WB ::::: _J__ Q y fif.lf 

(129) 

H 
WB 

z 
Q = z lif·H 

(130) 

where ~ is the scalar length of the height vector and Q is_s~t to +1.0 
for an entry intersect or -1.0 for an exit intersect. If the V+H planar 
surface is the intersected surface, Q is set to -Q before computing the 
ii£~Ction cosines of the normal since the direction ~f the normal to the 
V+H planar surface is opposite the direction of the H vector . 
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Normal to the Side of the Right Circular Cylinder 

The direction cosines of the normal for an intersect on the side of an RCC are determined from intersect point X, vertex V, and height vector H, as shown in Figure 28 

X 

FIG. 28 . Right Circular Cylinder 
The direction cosines of a vector from V to X are given by 

X-V 
WN = ---;:::=====;;.-

/E(V -X )2 
i i 

where i is the x, y, or z coordinate respectively. 

The direction cosines of height vector V are given by 

WI = H ra.u 

(131) 

(132) 

The cosine of an angle a between the two unit vectors WN and WH is given by 

cos a = WN•WI 

Therefore, the distance from vertex V to the intersect projected onto the height vector H is 

(133) 
and the coordinates of the intersect projected onto the height vector B are given by 

XH = V + D•WI (134) 
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The direction cosines of the normal to the side of the RCC are therefore 
determined from X and ~ as follows 

- -
XH -X 

WB X X = 
X IE<x -XH )2 

i i 

Q (135) 

- -
XH -X 

WB = Y.. Y.. 
y /r (Xi -XHi)2 

Q (136) 

- -
XH -X 

WB 
z z 

z hcx-xH )2 
i i 

Q (137) 

where i is the x, y, or z coordinate, respectively, and Q is set to +1.0 for 
an entry intersect or -1 . 0 for an exit intersect. 

Normal to the Side of the Right Elliptic Cylinder 

The direction cosines of the normal for an intersect on the side of an 
REC are determined from intersect X, the length and direction of semi-major 
axis A, the length and direction of semi-minor axis B, and the intersect pro­
jected onto height vector XH (XH was determined in the preceding RCC section) 
as shown in Figure 29. 

X 

B 

FIG. 29. Right Elliptic Cylinder 

The distance, a, between XH and A is given by 

a = /om-A) 2 (138) 
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The distance, b, between XH and B is given by 

b = /orn-s)2 (139) 

The distance, c, from the center, XH, of the intersection ellipse to a 
focus Fl is given by 

where a > b. 

The direction cosines , WA, of the semi-major axis are given by 

where i is the x, y, or z coordinate, respectively. 

The coordinates of the foci, Fl and F2, are determined by 

Fl = XH + C·WA 

F2 = XH - C·WA 

The directions cosines, WX, from focus Fl to the intersect X are 
given by 

where i is the x, y, or z coordinate, respectively. 

(140) 

(141) 

(142) 

A point, L, on a line from Fl through intersect X at a distance of twice 
the length of the semi-major axis is given by 

L"' Fl + 2a· WX 

The direction cosines of a vector from point L to the second focus F2 
are equal to the direction cosines, WB, of the normal to the surface at 
intersect X. 

F2 -L 
X X 

WB "' -;::.======== 
x lr(L -n >2 

i i 

Q (143) 
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- -
F2 -L 

WB = y_ I Q y f1:(L -F2 )2 
i i 

(144) 

- -F2 -L 
WB = 

z z 
Q 

3 IE(L -F2 )2 
i i 

(145) 

where i is the x, y, or z coordinate, respectively, and Q is set to +i.O for 
an entry intersect or -1.0 for an exit intersect. 

Normal to the Side of the Truncated Right Cone 

The direction cosines of the normal for an intersected surface of the 
side of a TRC are determined from intersect point X, vertex V, height vector H, 
radius RB of the base, and radius RT of the top as shown in Figure 30. 

T 

,\ 

v 

' ' ' 

FIG. 30. Truncated Right Cone 

The coordinates of point T are determined by 

- RB 
T = V + RB-RT H (146) 

The cross product of vectors (T-X) and (V-X) results in a vector CP by 

CP = (T-X)X(V-X) (147) 

Therefore, a vector perpendicular to the side of the intersect is 

N = CP X (T-X) (148) 
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and the direction cosines of the normal at the intersect are determined by 

N 
WB X 

Q =--
X vN·N 

(149) 

N 
WB = __L Q y IN-N 

(150) 

N 
WB z 

Q =--
z lrf.i (151) 

where ~is the scalar length of th~ perpendicular vector at the intersect, 
and Q is set to +1.0 for an entry intersect or -1.0 for an exit intersect. 

Normal to the Ellipsoid of Revolution 

The directions cosines of the normal for an intersect on the surface of 
an ellipsoid are determined from intersect point X, foci Fl and F2, and the 
length of semi-major axis A~ as shown in Figure 31. 

A 

FIG. 31. Ellipsoid of Revolution 

The direction cosines, WX from focus Fl to the intersect X are given by 

(152) 
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A point, L, on a line from Fl through intersect X at a distance equal to 
the length of semi-major axis, A, is given by 

L = Fl + A·WX 

The direction cosines of a vector from point L to the second focus F2 
are equal to the direction cosines, WB, of the normal at intersect ~ as follows 

- -
F2 -L 

WBX 
X X 

Q = 
/r(Li-F2

1
)2 

(153) 

- -
F2 -L 

WB = Y. Y. Q y ii: (Li-F2
1
)2 

(154) 

F2 -L 
WB 

z z 
Q = z 

/r(L
1
-F2

1
) 2 

(155) 

where i is the x, y, or z coordinate, respectively, and Q is set to +1.0 for 
an entry intersect or -1.0 for an exit intersect. 

Normal to the Slanted Surface of the Right Angle Wedge 

The direction cosines of the normal for an intersect on the slanted 
surface of a RAW are determined from length vectors Hl, H2, and H3 as shown 
in Figure 32. 

v 

FIG. 32. Right Angle Wedge 
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A vector, N, perpendicular to the slanted side is given by 

N = (Hl-B2) X B3 (156) 

The length of N is given by 

n = 

To insure that vector N is directed from the outside into the slanted 
surface (since vectors Bland H2 may be interchanged), the dot product of W 
and iU is determined 

S' = N·Hl 

where 

S'<O means that N is in the correct direction 

and 

S'>O means that N is in the reverse direction 

The direction cosines of the normal to the slanted surface are therefore 

WB = N (Q) (S) 
n 

(157) 

where S = -S ' I J S '1, and Q is set to +1. 0 for an entry intersect or -1.0 for an 
exit intersect. 

Normal to the Arbitrary Polyhedron 

The direction cosines of the normal for an intersect on the side of a 
ARB are determined from A, B, and C, the respective X, Y, and Z coefficients 
of the equation of the intersected plane, as shown in Figure 33. 

't p2 

FIG. 33. Arbitrary Polyhedron 
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The dir ection cosines of t he normal to the plane defined by AX + BY + 
CZ + D = 0 are given by 

WB 
A 

Q = 
/A2+B2+C2 X (158) 

WB 
B 

Q :::; 

/A2+B4c2 
y (159) 

WB 
c 

Q ::. 

fA2+B2+C2 z 
(160) 

where Q is set to +1.0 for an entry intersect or -1.0 for an exit intersect. 

Normal to the Truncated Elliptic Cone 

The direction cosines of the normal to either intersected planar surface 
of a TEC are determined from N, the normal direction cosines to the base 
ellipse, as follows: 

WB 
X 

WB 
y 

= N • (Q) 
X 

= N ·(Q) 
y 

= N . (Q) 
z 

(161) 

(162) 

(163) 

where Q is set to a +1.0 for an entry intersect or -1.0 for an exit intersect . 
If the top planar surface is the intersec ted surface, Q is set to -Q before 
comput ing the direction cosines of the normal since the direction of the 
normal to the V+H planar surface is opposite the direction of the N vector. 

The direction cosines of the normal for an intersect on the side of a TEC 
are determined from intersect X, vertex V, hei~t vector H, normal to the base 
ellipse N, the direction cosines of semi-major A, the direction cosines of 
semi -minor axis B, the semi- major and semi-minor radii of base ellipse Rl and 
R2, and the semi-minor and semi-minor radii of top ellipse R3 and R4 , as 
shown in Figure 34. 
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,~T 
, \ 

\ --R4 \ (T-X) 

v 

FIG. 34 Truncated Elliptic Cone 

The distance between the two planar surfaces is given by 

Dl • H· N 

The height of the intersect X from the base plane is given by 

D2 "' (X-V) •N 

The ratio on the normal to the height of the hit is given by 

y = D2/Dl 

Therefore, the center of the intersection ellipse is determined by 

C ,.. V + Y· H 

By redrawing part of Figure 34 as shown in Figure 35: 

it can be seen that 

R4 

y 

j_ R4 

v a2 

~IG. 35. TEC Cross-Section 

1-y "'__;:1~ 
P R2-R4 
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or 

P = R2-R4- yR2+yR4 

If b is equal to one-half the length of the semi-minor axis of the inter­
sected ellipse 

b = R4+P 

Therefore 

b
2 

(yR4 + (1-y) R2]
2 

Letting T equal 

Therefore, if a is equal to one-half the length of the semi-major axis of the 
intersected ellipse 

2 
a 

The di stance from the center of the intersection ellipse to a focus is given by 

c = 

The coordinates of foci Fl and F2 are 

Fl == C + cA 

F2 = C - cA 

The direction cosines, WX, from focus Fl to the intersect X are given by 

(164) 

where i is equal to the x, y, or z coordinate. 
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From Figur e 36, the point L on a l ine from Fl through intersect X at a distance equal to the length of semi-major axis 2a is given by 

L 

L = Fl + 2a WX 

2a 

FIG. 36. TEC Intersection Ellipse 
The direction cosines of a vector from point L to the second focus F2 are equal to the direction cosines, WN, of the normal to the plane of the ellipse at intersect X as fol lows: 

where i is the x, y, or z coordinate, respectively. 

From Figure 36, the vector (T-X) is determined by 

(T-X} = (v + R2 
H) - X R2-R4 

The cross product of the vectors (T-X) and WN results in a vector CP by 

CP = (T-X) X WN 

Therefore, a vector perpendicular to t he side of intersect X is determined by 

N" .. cp x (r-x) 
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and the direction cosines of the normal at the intersect are determined by 

N 
WB 

X 
Q z--

X Af.N 

(168) 

N 
WB = _L. Q y IN·N 

(169) 

N 
WB 

z 
Q =--

z lii·N 
(170) 

where IN·N is the scalar length of the perpendicular vector at the intersect, 

and Q is set to a +1.0 for an entry intersect or a -1.0 for an exit intersect. 

Normal to the Torus 

The direction cosines of the normal to the intersected surface of a 

torus are determined from intersect X, normal to the plane of the torus n 

center of the torus V, and major radius R, as shown in Figure 37. 

N 

FIG. 37. Torus 

The cross product of vectors N and (X-V) is given by 

vx = N X(x-v) 
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The cross product VX and N is given by 

CV = VXXN 

and results in a vector in the direction of the center of the circular cross­
section of the intersect plane. 

The coordinates of point C are determined by 

C=V+R-C_V_ 

/ev.cv 
where CV/ICV·~ are the direction cosines of the vector CV. 

Knowing the coordinates of point C and intersect X, the normal to the surface of intersect X is determined by 

C -X 
WB X X 

Q = 
X /rex -c ) 2 

i i 

(171) 

C -X 
WB = y_ y_ 

y /rex -c>2 Q i i 
(172) 

c -x 
WB 

z z 
Q = 

z /roc -c )2 
i i 

(173) 

where i is the x, y, or z coordinate, respectively, and Q is set to +1.0 for an entry intersect or -1. 0 for an exit intersect. 

Normal to the Arbitrary Surface 

The direction cosines of a normal to the intersected surface of an ARS are determined from the three points, U, V, and W, of the intersected triangle on the surface of the ARS, as shown in Figure 38. 
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~1 
/ \ 

// \ --
/ , (U- W) 

/ \ 
/ 

/ 
/ 

v ~- -- - ­(v-w) 
\ _. 

w 

FIG . 38. ARS Surface Triangle 

A vector N perpendicular to the surface of a triangle formed by the 
three points U, V, and W is given by 

N = (U-W) X (V-W) 

The directions cosines of the normal vector N are determined by 

WB 
y 

WB 
z 

N 
X 

N z =--

where IN·N is the scalar length of the normal vector N. 

Angle of Obl i quity 

(174) 

(175) 

(176) 

The angl e of obliquity (the angle between the ray and the normal at the 
int ersect point) is determined from the direction cosines of the ray, WS, and 
the dir ecti on cosines of the nor mal , WB , as follows: 

The cosine of the angle between the normal WB and the ray WS is 

A = WB·ws = IWBI ·lwsl cos a 
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Since !WB I and jwsl are both equal to one 

A = cos a 

The angle in degrees is determined by 

[ (
h - (cos a)

2
)] 180 a(degrees) = arctan ---

cos a '11' 
(177) 

where 

(d ) 
( 

/1-cos
2
a) 180 __ arccos (a) 180 ~ egrees = arctan cosa '11' '11' 

s ince the arctangent is the only standard FORTRAN inverse trigonometric routine. 
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GRID PLANE AND TARGET (SUBROUTINES GRID AND AREA) 

All rays that are traced through the target geometry (Subroutine 
GRID), or !.£ the first component of the target geometry (Subroutine AREA), 
originate from the grid plane at the center of the target. The grid 
plane (refer to examples in Figures 39 and 40) is a plane divided into 
equal-sized squares called cells and located such that the center of the 
grid plane is at the origin of the target geometry and oriented in the 
azimuth and elevation angle. The grid plane is established from the grid 
size, cell size, and attack angle of the target. The grid size is given 
in terms of the number of cells (Nx and Ny) in the two dimensions of the 
grid plane. Nx and NY should both be odd numbers for best results. 

Given the azimuth angle a and the elevation angle 9, the direction 
cosines of the rays to be fired at the target are 

WB = -cos a cos 0. (178) 
X 

WB -cos y a sin o. (179) 

WB z = -sin a (180) 

where the azimuth and elevation angles are measured in the positive axis 
direction. An azimuth and elevation angle of 0° represents a head-on 
attack plane. An azimuth of 90° shi fts the grid plane to the left flank 
of the target, and an elevation of 90° represents an overhead attack plane. 

The number of cells in the grid plane is given by 

N = N • N 
X y 

By letting I represent the row number and J represent the column 
number, a specific cell, k, can be located in the grid plane (see example, 
Figure 40) as follows: 

I= Integer (~:1 ) + 1 (181) 

J = k -(1-l)·N 
X 

(182) 
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GRID PLANE 

X 

I 
I I 

-t- +- --f-1-. I I r 
I I I ~ _r--, .!... 
I r[_.J.F- '0_ >--
I T ""' I 
I lm :r ' ... -
I ~ .... 'r--.. ....... ~ I 

'- .L ~~ \' '({, ~~ /~ r\ ~\5~, 1i\~\.~ w....< \.'¢2 J 

y 

GROUND 

FIG . 39. Grid Plane Geometry 
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Nx = 7 
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(V' ,HI) 

k= (35\ 

D 

Number of 
horizontal cells 

Number of 
vertical cells 

Column number 
(1 - 7) 

Row number ( 1 - 5) 

5 

k Specific grid cell 
number (varies 
f r om (l) to (35) 
in figure above 

D Dimensions of 
gri d cell 

J 

4 3 2 
[k= (2) 

c+ 
0 . 0 

tV' 
~+H' 

c 

V' 

H' 
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1 

fk=(l) 
1 

2 

3 

Ny 5 

4 

5 

Center of grid 
plane (V=O, H=O) 

Vertical distance 
from center of 
grid plane to 
lower left corner 
of specified grid 
cell 

Horizontal distance 
f r om center of grid 
plane to lower left 
corner of specified 
grid cell 

FIG . 40. Example of a Grid Plane 
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Therefore, from Figure 40, if cell number 13 were the specific cell ~ desired (k=l3), then 

I = Integer (l~-l) +1 :a 2 (row 2) (183) 

J = 13 -(2-1)·7 • 6 (column 6) (184) 

It should be noted that the row and column numbering begin at the upper 
right corner of the grid plane. 

The location of the lower left corner of the specific grid cell 
relative to the center, C, of the grid plane is given by 

V' [Integer (N /2)-I]·D + D/2 y 

B' =(Integer (N /2)-J}·D + D/2 
X 

(185) 

(186) 

For grid cell number 13 in the example (Figure 40) and assuming a 
four-inch cell size as in Figures 39 and 40 , the coordinates of the lower 
left corner of grid cell number 13 relative to the center, C, of the grid 
plane would be 

V' = {Integer (5/2)-2} ·4 + 4/2 • 2 

R' = [Integer {7/2)-6] ·4 + 4/2 - -10 

The mid-point, M, of the specific grid cell can be located for reference 
purposes by adding one-half the cell size to both V' and H' as follows: 

V = V' + D/2 ref 

R = B' + D/2 ref 

From the above example for grid cell number 13 this would be 

vref = 2 + 4/2 = 4 

Bref z -10 + 4/2 • -8 
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One of one hundred possible points within the specific grid cell can 

now be selected as follows: 

V ~ V' + D (I /10) + D/20 
v 

H a H' + D (Ih/10) + D/20 

where Iv and ~ are two random numbers between zero and nine. Since each 

cell is, in effect, divided into 100 sub-cells, D/20 in the above equations 

insures that the ray originates from the center of the randomly selected 

subcell. 

If random numbers Iv and ~ are equal to two and six respectively 

(see example Figure 4 1 ) , V and H of the above example would be 

V a 2 + 4(2/10) + 4/20 = 3.0 

H = -10 + 4(6/10) + 4/20 = -7.4 

for cell number 13 of Figure 40. 

The grid plane/cell point coordinates with respect to the center of 

the grid plane, C, are transformed into the x, y, z coordinates of the 

target vehicle by 

X = (XSHIFT) - v cos a 
px 

sin e - R sin a (189) 

X = (YSHIFT) 
py 

v sin a sin e + H cos a (190) 

X = (ZSHIFT) + V cos e (191) 
pz 

where XSHIFT , YSHIFT, and ZSHIFT a re used, in effect, tu shift the entire 

grid plane, if desired. XSBIFT, YSHIFT, and ZSBIFT provide the option of 

relocating the grid plane to some specific component or components of the 

target, for example the engine area of the target ratoer than the entire 

target or center of the target. 

Once the coordinates X of the point on a given cell have been deter­

mined, the point is backed gut from the grid plane in the target by a 

distance ENGTH and direction WB to a point XB. Point XB is the origin of 

the ray to be fired at the target, passing through the grid point before 

being backed out from the grid plane. 
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, .. 0• 4 ., 
--9 3.8 • • • • • • • • • • 

8 3. 4 • • • • • • • • • • 

7 3.0 • • • • • • • • • • 

6 2.6 • • • • • • • • • • 
5 2. 2 • • • • • • • • • • M+ (V H ) ref' ref (I ) 4 1.8 • • • • • • • • • • D•4 

v 

3 1.4 • • • • • • • • • • 
(V ,H) 

2 1.0 • • • • • • • • • • 

1 1 0 . 6 • • • • • • • • • • 

0 (V) 0.2 • • • • • • • • • • 
(VI , H') 0.2 0.6 1.0 1.4 1.8 2.2 2.6 3.0 3.4 3.8-~--

(H) .. 
0 1 2 3 4 5 6 7 8 9 

(Ih) 

v vertical distance into grid cell 
from lower left corner (V ' , H') 

L H horizontal distance into grid cell 
from lower left corner (V',H') 

M center of grid cell (V ' , H' ) +fi 
D dimensions of grid cell 
I random number 0-9 for gen-v 

erating V 

Ih random number 0- 9 for gen-
erating H 

FIG. 41 . Example Grid Cell 
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SOLUTION OF QUARTIC EQUATION (SUBROUTINE QRTIC) 

Subroutine QUARTIC computes the roots of a quartic equation of the form 

4 3 2 
x + ax + bx + ex + d 0 (192) 

Using the algebraic solution of biquadratic equations discovered by Ferrari, 
a pupil of Cardon, Equation (192) can be rewritten in the form 

(193) 

2 
Adding t X 

2 to both sides of Equation (193) results in 

.2 a a 2 
( )

2 ( 2 ) 
X + z X = 4 -b X - ex - d (194) 

which is an equation equivalent to the original equation. If the right­
hand member of Equation (194) were a perfect square, the solution of the 
equation would be immediate. However, usually there is not a perfect square. 
The basic idea in Ferrari's method, therefore, consists in adding to both 
sides of Equation ( 194) 

y (X 2 + t X) + t2 
to have a perfect square on the left-hand side for an indeterminate y. Equa­
tion (194) is then transformed into 

(x2 + 1 x + ft =(f2-b+y) x2 +(2{- -c) x +({-d) (195) 

y is determined so that the right-hand side of Equation (195) becomes the 
square of linear expression ex+ f . 

In general, if 

then 

and 

2 
A1A + Bx + C 

B
2 

- 4AC = 0 

A= e
2, B = 2ef, C = £2 

(196) 

(19 7) 

(198) 

so that Equation (197) is satisfied. Therefore, the right-hand side of 
Equation (195) will be the square of a linear expression ct + f if Y 
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satisfies the equation 

(199) 

or, in expanded form, 

3 2 2 2 y - by + (ac-4d)y + 4bd - a d - c 0 (200) 

For y 2w Equation (200) becomes 

3 b 2 ( 4d) + 4bd -a2d - c2 
w - 2w + ac~ w 8 = 0 (201) 

It suffices to take for w any root of this cubic equation, called the resolv­
ent of tbe biquadratic equation, to result in 

(
a
4

2 ) 
-b+2w x2 + (aw-e) X + (w2-d) = 

(202) 
with properly chosen e and f. The biquadratic equation therefore appears in 
the form 

2 a. 1 2 
( )

2 
x + 2: + 2 y = (ex +f) 

which splits into two quadratic equations 

x2 + a K + .! y = ± (ex +f) 
2 2 

Solving for x using the quadratic formula results in the four requested roots 

_-;+.).- t +et- 4 (w-f) 
?' 1 2 (203) , 2 2 

and 

./t;-et-- ~- e 4 (w+f) 
x3,4 

2 
(204) 2 2 
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SOLUTION OF CUBIC EQUATION (SUBROUTINE CUBIC) 

Subroutine CUBIC computes the root s of a cubic equation of the form 

3 2 
x + ax + bx + c = 0 (205) 

Using Cardan's solution, Cubic Equation (205) is transformed to the reduced 
form 

where 

and 

3 Y + PY + q = 0 

p b 
2 

a 
3 

q = c-+a(2 a2- b) 
27 3 

through the substitution of 

a 
X= y 

3 

The roots y
1

, y
2

, and y
3 

of reduced Cubic Equation (206) are 

y = A + B 
1 
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with 

3r----
A l-1 +/Q (212) 

3---- -
B l-1-/Q (213) 

3 2 Q=(1)+(t) (214) 

where the real values of the cube roots are used. The Cubic Equation has 
one real root and two conjugate complex roots; three real roots of which at 
least two are equal; or three different real roots, if Q is respectively 
positive, zero, or negative. If Q of Equation (214) is negative, y is 
solved by the trigonometric solution 

Y1 = 2j- p/3 cos (~/3) 1 

and 

where 

q 
cos ~ = 

The real roots of x in Equation (205) are determined by substituting the 
real values of y into Equation (209). 
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THE MASTER-ASTER ARRAY 

The MASTER- ASTER array is a 10,000-word array used in the MAGI C program 
to store the processed target geometry data. In its completed form (after 
Subr outine AREA) the MASTER-ASTER ar ray contains the following information. 
(The variable name in parentheses represents the location of t he first word 
of data of each section.) 

1. RPP pointer data (LBASE) 

a. pointer to abutting RPP's for given side 

b. number of abutting RPP ' s for given side 

c. pointer to coordinate for given side of RPP 

2. RPP coordinate data (LRPPD) 

3. List of abutting RPP ' s for each side of each RPP 

4 . Body pointers (LABUT) 

a. body type 

b. pointer to body data pointers 

c . pointer to region enter table 

d. pointer to region leave table 

e. number of regions in enter table 

f. number of regions in leave table 

S. Body data pointers (LBODY) 

6. Body data pointers followed by body dimensions (LBOD) 

7. Region data pointers (LREGD) 

a. pointer to operator/body list for given region 

b . number of bodies in list for given region 

8. Region data (LREGL) 

a. operator 

b . body 
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9. Region enter/leave tables (LENLV) 

10. Body enter intersect distances (LRIN) 

11 . Body exit intersect distances (LROT) 

12. Subroutine Gl working storage (LIO) 

a . entering surface number 

b. exit surface number 

c. internal loop counter 

13. Presented area by component code (LAREA) 

14. Region code data (LIRFO) 

a. component identification data 

b. space identification data 

15. Last word of the MASTER-ASTER array (NDQ) 

Data for the MASTER-ASTER array is entered throughout the execution of the entire MAGIC program. Therefore, to gain a complete understanding of the contents of the MASTER-ASTER array at various times in the execution of the ~ MAGIC program. the following discussion, with accompanying figures, is given. 

The MAIN program assigns the first available storage location as the first word of the MASTER-ASTER array. This location is assigned the variable name LBASE. The last word of the MASTER-ASTER array, word ~0,000, is assigned the variable name NDQ. Before Subroutine GENI is called, the entire MASTER­ASTER array is cleared (zeroed). 
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When Subroutine GENI is called, the first data to be entered into the 

MASTER-ASTER array is the RPP geometry. To accomplish this, Subroutine GENI 

calls Subroutine RPPIN to enter and process the RPP data. When Subroutine 

RPPIN returns control to Subroutine GENI, the contents of the MASTER-ASTER 

array are as shown in Figure 42. 

LBASE 

LRPPD 

LA BUT 

LAR 

Not used 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

0 - - - -

0 - - - -
0 - - - --

- -

- -
- -

- - - -

- - - -

- -

I 

I 
I 

I 
I 

I 

: 

• • 
I 
I 

RPP 

RPP 

• • • 
RPP 
I 
I 

I 
I 
I 

I 

• • • 
I 
I 

-

-

-

-
-~ -- . • • 

I : 
I 

I 

I I 
I 

I I 
1 

I 

I : 

Coordinate 

Coordinate 

Coordinate 
I 

L I 
_l 
I 

L : 

I 

L I 

- - - - - -

- -

(continue with Figure 43) 

·-
J 

K 

J 

K 

J 

K 

J 

K 

L 

L 

L 

- - - 0 

0 -

FIG. 42. RPP Data Storage (Subroutine RPPIN) 
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LBASE, starting location (equal to one) of RPP pointer section (12 words/RPP) 

I , pointer to list of abutting RPP's for given side (15 bits) J, number of RPP ' s that abut given side (15 bits) 
K, pointer to RPP coordinate for given side 

LRPPD, RPP x, y, or z, maximum or minimum coordinate value. The location of LRPPD is equal to LBASE + 12*NRPP. Pointer K in section LBASE points to a specific RPP coordinate in this section 

LABUT, lists of abutting RPP's to given surfaces, packed one or two per word. Pointer I in section LBASE points to a specific list of abutting RPP's in this section 
L, abutting RPP's (15 bits) 

LAR, last location of RPP data 

FIG. 42. RPP Data Storage (Subroutine RPPIN) (Concluded) 
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After all RPP data has been entered into the MASTER-ASTER array by Sub­
routine RPPIN, the body data is entered , processed , and stored in the MASTER­
ASTER array. The new body dimensions are stored backward from location NDQ 
with pointer LBOT always equal to the new starting location of the body dimen­
sions. The individual body dimensions are located by pointers and computed 
and stored in the LBOD section of the MASTER-ASTER array. The overall pointer 
to a group of pointers for a given body is stored in the LBODY section follow­
ing the RPP data section as shown in Figure 43. 

When all body data is processed and stored in the MASTER-ASTER array, 
there exists a large unused section in the array between the LBOD body 
dimension pointers and the body dimensions at the end of the MASTER-ASTER 
array at location LBOT through NDQ (see Figure43) . Therefore, Subroutine 
GENI shifts all the data at the end of the MASTER-ASTER array , LBOT through 
NDQ, to the next available location (LDATA) after the LBOD body dimension 
pointer section. The body dimension pointers in section LBOD are also 
adjusted to account for the shift of the body dimensions. When the shift 
is complete, LDATA points to the next available location in the MASTER-ASTER 
array . It should also be noted that due to the shift of LBOT through NDQ, 
pointer LBOT is no longer correct and the variable name is dropped . 

After all body data is entered, processed, and stored, and the body 
dimensions at the end of the MASTER-ASTER array have been shifted, the 
region data is entered and stored following the shifted body dimension data 
as shown in Figure 44. 

When the region data has all been entered and stored, the region enter/ 
leave tables are prepared for each body in the target geometry, and are 
stored following the region data in the MASTER-ASTER array. During prepara­
tion and storing of these tables, the remaining data (LE, LL , NE, NL) for 
each body in the LBODY section is computed and stored (see Figure43). The 
region leaving table for each body is prepared and stored first, immediately 
followed by the region entering table for each body as shown in Figure 45. 

After the region enter/leave tables have been prepared and stored, 
storage space in the MASTER-ASTER array is reserved for the entry intersect 
distance data (LRIN), the exit intersect distance data (LROT), and Sub­
routine Gl working storage (LIO). Data for these three reserved storage 
sections is computed during Subroutine Gl. The next available storage loca­
tion after the LIO section, LEGEOM, is also determined. One word per body is 
reserved for each of the sections LRIN, LROT, and LIO as shown in Figure 46. 
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LAR 
LBODY 

LBOD(LDATA) 
I 

I 

' (LDATA) 

LBOT 

~ 

(Refer to Figure 42) 

Not Used 
Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

• 
• 
• ..------r-

I 
I 

I 
I 

I 
I 
I 

I 

I 
• 
l • • 
• 
I 

~ 
I 

: 
I 
I 

I 
I 
I 

I . 
• • • 
' I 
I 

• • 

-- I 

L I 
I 
I 

L I . 
I 

L I . 
I 

!TYPE I . 
I 

LE • . 
I 

NE I 
I 

!TYPE I 
I 
I 
I 

LE . 
I 

NE . 
I 
I 

p I 

l 
p . 

' 

p l 

Body Dimension 

• 
• 
• 

--L 

L 

L 

!.DATA I""' 

LL 

NL 

~ 

!.DATA 

LL 

NL 
p 

1 ... 

1.., 

p 

~ 

p 
~~ 

NDQ-2 (LBOT) Bodv Dimension r-------------------~~~~~~~~------~ Body Dimension 
NDQ Body Dimension 

FIG. 43. Body Pointer Storage (Subroutine GENI) 
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LBODY, starting location of body pointer storage. 

LBODY is equal to the first location following the 

!TYPE, body type (15 bits) 
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The location of 
RPP data section. 

LDATA, pointer for storing pointers in LBOD section for given 

body (15 bits). When all pointers are s tored, LDATA is equal 

to the next available location after the LBOD section. 

LE, LL, NE, NL, nothing stored in these locations at this time 

in program (contain zeroes). For eventual contents, refer to 

the discussion of Figure 45. 

LBOD, starting location of pointers to body dimensions in section LBOT. 

P, pointers to body dimensions. Packed two per word (15 bits) . 

LDATA of LBODY section points to specific pointers required 

for a given body 

LBOT, starting location of body dimensions. 

FIG. 43 . Body Pointer Storage (Subroutine GENI) (Concluded) 
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(Refer to Figure 43) 
• 
• 

LBODr=~----N_o __ t_U_s_e_d _____ ~----~~~-~--;_E-----L--~;~L---:::---~1 
Not Used 

• 
• 

• 
• 
• 

p p 

Body Dimension 

Body Dimension 
LREGDr---~N~o-t~U~s-e-d~----------- --L-B----~----N-0----~I~ 

No t Used 

• • • 
LB NC 

LREGL(LDATA) Not Used • Operator NBO 
I r----------------------L--~------~----------~ 
I e 
I e 
I 
I e 
I 

Not Used f Opera tor NBO 

(LDAIA) Available Storage 
r-----------------------------------~~~~--~ 

NDQLI ________________________ A_v_a_i_l_a_b_l_e __ s_t_o_r_a_g_e ____ ~ 

• 
• 
• 

LREGD, starting location of region pointer data 

LBOD Section 

Body Dimensions, 
~Formerly LBOT 

LB, pointers to operator/body list for a given r egion (15 bits) 

NC, number of bodies in list for a given region (15 bits) 

LREGL, lists of oper ator/body for each region. LB of LREGD points to 
a specific list in this section 

Operator-(OR) , (+), or (-) to denote relationship of given body 
to region (15 bits) 

NBO, body number of specific body in region (15 bits) 

(LDATA), pointer for storing operator/body in LREGL region data 
section in next available storage location. When all region data 
are entered, LDATA points to next available storage location after 
the region data. 

FIG. 44. Region Storage (Subroutine GENI) 
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NC 

LREGLr-___ N __ o_t_U __ s_e_d __________ r-_O~p_e_ra~t_o_r __ ~--~N=BO~--~ 

Not Used 

• 
• 
: Opera~or : NBO 

LENLV(LDATA 
I 

Jl 

J2 

I ~ 

I 

I 
I 

• > • 
I • 

(uiATA)~~---------------------------A_v_a_i_l_a_b_l_e_s_t_o_r_a_g_e~l Jn I ~ 

Region enter/leave 
tables for each 
body 

• 
• 

NDQ ~~----------------------· _______ A_v_a_i_l_a_b_l_e __ s_t_o_r_a_g_e~ 

LENLV, starting location of the region enter/leave tables for each 
body 

J, first region entry for first body of first leaving table 

Jn, last region entry for last body of last entering table 

(LDATA), pointer for storing regions in enter/leave tables at 
next available storage location. When all enter/leave tables 
are enter ed, LDATA points to the next available storage location 
after the enter/leave tables. 

FIG. 45. Region Enter/Leave Tables (Subroutine GENI) 
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(Refer to Figure 45) 

• • 
~erator NM 

. ,........... g 
LENLV rr----------------------------------J_l ____ -4 

LRIN 

LROT 

LIO I Not Used t 

' Not Used ' 
LEGEOM 

NDQ 

• • • 
Jn 

Unused Storage Space 

Available Entry Intersect Storage 

• • • 
Available Entry Intersect Storage 

Available 

Available 

LRI 

LRI 

Exit 

• • • 
Exit 

' ' 
• • • 
: 

• • • 

Intersect Storage 

Intersect Storage 

LRO I KLOOP 

I 
LRO ' KLOOP 

Available Storage 
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LRIN, starting location reserved for entry intersect distance data. 
One storage word is reserved for each body in the target geometry 
LROT, s t ar ting location reserved for exit intersect distance data. 
One storage word is reserved for each body in the target geometry 
LIO, starting location reserved for Subroutine Gl for working storage. 
One storage word is reserved for each body i n the target geometry 

LRI, body surface number of entry intersect (6 bits) 
LRO, body surface number of exit intersect (6 bits) 
KLOOP, internal loop counter (15 bits) 

LEGEOM, the next available location at the end of the target geometry 

FIG. 46. Reserved Storage (Subroutine GENI) 
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After the LRIN, LROT. and LIO storage space has been reserved in the 
MASTER-ASTER array, control is returned to the MAIN program where the next 
phase relative to the MASTER-ASTER array is the entry and storage of the 
region component and identification code data; it is stored near the end of 
the MASTER-ASTER array and preceded by a special code as shown in Figure ,47) . 

LEGEOM 

(LIRF0-1) 

LIRFO 

NDQ 

0 - - - - -
Not 

(Refer to Figure 46) 
• 

Available Storage 

- - - - -
Used 

-

• • • 

-
I 

I 

• • • 

Available Storage 

- - - 01 lo - - -
I 

!CODE 
I 

IDE NT I 

Not Used I CODE IDENT 

Unused Storage 

• • • 
Unused Storage 

Unused Storage 

-01 

11 Unused 
Storage Words 

LIRFO, starting location of region component/identification code data. 
The location of LIFRO is equal to NDQ-NRMAX-10 

!CODE, region component code (15 bits) 

!DENT, region identification code. Stored as IDENT+l to prevent 
storing a negative number (15 bits) 

(LIRF0-1), special code that precedes region component/identification 
code data. Not used in MAGIC program. 

FIG . 47. Region Component/Identification Code Data (MAIN Program) 
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If Subroutine AR~ is to be executed, the last data to be stored in the 
MASTER-ASTER array is the presented area of the target by component code (1-999). 
The presented area data is stored in the MASTER-ASTER array preceding the 
region component/identification code data, as shown in Figure 48. One-thousand 
storage locations are reserved for the presented area of the target by com­
ponent code (1-999). The 1000 storage locations are zeroed before the pre­
sented areas are stored. Therefore, the special code at location LIRF0- 1 
explained above is also zeroed . 
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LAREA 
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Not 

(Refer to Figure 47) 
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: I CODE : 
• • • 
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(ICODE•l) 
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(ICODE-.a999) 

- - - - -0 

IDENT 

Not Used : I CODE . !DENT 

• • • 

Unused Storage 

Unused Storage 

.. 

ll 
" 

999 Words 

NRMA.X 
Words 

11 Unused 
Words 

LAREA, starting location of the presented areas by component code 
of the target from a given azimuth and elevation angle. The 
location of LAREA is equal to LIRFQ-1000 . 

FIG . 48. Presented Area by !CODE (Subroutine AREA) 
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PROGRAM MAGIC (MAIN PROGRAM) 

The purpose of the MAIN routine of the MAGIC program is to direct the 
entire flow of the MAGIC program. calling on various subprograms to perform 
specific functions. 

There are essentially two phases to the MAGIC program: geometry input 
processing and main ray-tracing control . The MAIN routine initializes various 
program constants and parameters and enters from card input the program con­
trol parameters. The target geometry is entered by Subroutine GENI, which 
enters and prepares the target geometry data for the ray-tracing phase of the 
MAGIC program. The target geometry can then be written out on tape. If the 
target geometry data has already been processed by a previous run, the input 
tape is entered, and Subroutine GENI is therefore not called. 

After the input processing phase, the MAIN program has the option, based 
on the input control parameters, of calling Subroutine TESTG to fire a ray 
from point to point and of calling Subroutine VOLUM to compute the volumes by 
region. The region identifiers and space code numbers are then entered and 
stored into the MASTER-ASTER array. 

At this point, the ray-tracing phase of the program is initiated. A 
card is entered with the number of angles of attack, and Subroutine GRID is 
called to perform the ray-tracing control phase for each aspect angle. When 
the ray-tracing phase of the program ls complete, the MAIN program has the 
option, based on the input control parameter, of calling Subroutine AREA to 
compute the presented area by component for each aspect angle. 

The following description is an outline of the purpose and flow of the 
~~IN program. The steps that describe the program follow the steps of the 
conceptual flowchart of Figure 49. 

Step 1 

Initialize var ious constants and data to be used in the program, 
and enter and set the options to be used in the program. 

Step 2 

Test to determine if the target description data is to be entered 
from a tape prepared by a previous run of the target. If it is, the 
tape is read in and the title of the target geometry is printed out . 

Step 3 

If the target description is not to be entered from tape, the 
entire ASTER array is zeroed. 
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Step 4 

Call Subroutine GENT to enter, process, and organize the target 
geometry input data into a usable format for use by subsequent subroutines. 

Step 5 

After the target description data has been entered and processed by 
Subroutine GENI, the option for putting the target description on tape 
for subsequent runs is tested . If positive, the target geometry is 
written out on tape. 

Step 6 

Test the Subroutine TESTG option to determine if Subroutine TESTG 
is to be called to fire and ' trace a ray from one given point to another. 

Step 7 

Test the Subroutine VOLUM option to determine if it is to be called 
to compute the volumns of a region(s) of the target. 

Step 8 

Enter, print out, and store for each region of the target geometry 
the component code, space code, and special identification. After all 
component code and identification code data for the regions have been 
entered, enter another program option card. 

Step 9 

Test the Subroutine GRID option to determine if Subroutine GRID is 
to be called to generate and control all of the input and processing for 
a single attack plane. 

Step 10 

Test the Subroutine AREA option to determine if Subroutine AREA is 
to be called to compute the presented area of the target from the given 
attack plane. The program then terminates. 
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FIG. 49. ~~lN Program Concept Flowchart (Concluded) 
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INPUT PROCESSING (SUBROUTINE GENI) 

Subroutine GENI is the main control routine for target geometry input 
processing. Its pur~ose is to organize the target geometry input data into 
a usable format for subsequent subroutines . All of the organized data is 
stored in a large array called the MASTER-ASTER array . 

The processing of the body input descriptions is accomplished by calling 
Subroutine RPPIN to enter and process the RPP data, calling Subroutine ALBERT 
to enter and process the arbitrary polyhedron (ARB) data, or calling Subroutine 
ARIN to enter and process the arbitrary surface (ARS ) data. All other bodies 
are entered and processed directly by Subroutine GENI . 

When all of the body input data has been processed, Subroutine GENI 
enters the input data for. the region descriptions, stores it in the MASTER­
ASTER array, and then computes the region enter/leave tables. 

The following description is an outline of the purpose and flow of 
Subroutine GENI. The steps that describe Subroutine GENT follow the steps of 
the conceptual flowchart of Figure 50. 

Step 1 

The body counter array is cleared for the new input data. This array 
counts the number of times each uudy type is used to describe the target 
geometry . 

Step 2 

The title for the current target geometry is entered and printed 
out. 

Step 3 

Enter and print program control parameters for thP. numher of RPP's, 
the number of bodies, the number of regions, the MASTER-ASTER array 
print option, and the test region data option. 

Step 4 

Test to determine if there are to be any RPP's in the target geom­
etry. If so, branch to call the RPP processing subroutine. 

Step 5 

Call Subroutine RPPIN if an RPP(s) is used to describe the target 
geometry to enter, process, check, print, and store the RPP data in the 
MASTER-ASTER array. 

lll 



TN 4565-3-71 Vol II 

Step 6 

Compute and assign locations for storing body data pointers and body 
dimension data. 

Step 7 

Enter body data· card containing program control parameters, body 
type, and six body dimensions for the given body. This is the beginning 
of a loop used to enter and process all of the body data of the target 
geometry. 

Step 8 

Increment the counter for the specific body type ~ntereu and compute 
and s t ore pointer for the body data. 

Step 9 

Test body type and branch accordingly to section for entering addi­
tional data if required and to compute , process, and check body data. 

Step 10 

If the body type is a BOX, RCC , REC, TRC , ELL, RAW, TEC, or TOR, 
set number for additional body dimensions to be entered for the given 
body. 

Step 11 

Enter the number of additional body dimensions as determined from 
Step 10 and print all of the body data for the given body . 

Step 12 

Compute additional data that is required for the body that was not 
part of the input and perform check on the data. For a complete and 
detailed discussion of the computation and testing of the body data, refer 
to the appropriate section from program statement 250 to statement 300 
of the simulation model. 

Step 13 

If the body type is a sphere, the body dimensions are all on one 
data card so no additional input is r equired and the input is printed out. 
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Step 14 

Call Subroutine SEE3 to store the body data and body data pointers 
for a SPH, BOX, RCC, REC, TRC, ELL, RAW, TEC, or TOR in the MASTER-ASTER 
array. 

Step 15 

If the body type is an arbitrary surface (ARB), the data entered 
by the initial card is printed out. 

Step 16 

Call Subroutine ALBERT to enter additional ARB data and to compute 
additional data required. The data and pointers are then stored in the 
MASTER-ASTER array by the subroutine. 

Step 17 

Call Subroutine ARIN to enter, check, process, and store data for 
the arbitrary surface (ARS) . 

Step 18 

Test to determine if more body data is to be entered for the target 
geometry and if so , return to enter the next body data/control card. 

Step 19 

Print out a table g1v1ng the number of times each body was used in 
the target description, and print out the starting locations of major 
data/pointer sections in the MASTER-ASTER array. 

Step 20 

When the body data is first entered, it is stored toward the end of 
the MASTER-ASTER array with the pointer data and RPP data at the front. 
This step moves the body data to just after the pointer data. 

Step 21 

Initialize counters, and assign and compute pointers for entering, 
processing, and checking region combination data. 

Step 22 

Enter region data card conta1n1ng region number, the logical opera­
tor, and all of the bodies that comprise the region . 
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Step 23 

Check validity of the region data by testing each body number in 
the region description to verify that each body number is not greater 
than the number of bodies plus the number of RPP ' s used to describe the 
target geometry. 

Step 24 

Print out the region data, and compute the pointer to the region 
data for the region and store the region data. 

Step 25 

Test for logical operator and conver t to integer depending upon 
whether operator was positive or negative to represent an AND or OR 
condition. 

Step 26 

Pack and store the operator and body number in the region data sec­
tion and continue testing all operators and body numbers in the given 
region. 

Step 27 

Branch to enter data for next region if all regions have not been 
entered and processed. 

Step 28 

Verify that all regions of the target geometry have been entered 
and that there were no invalid body numbers in the region data. 

Step 29 

Test program input control parameter to determine if the validity 
of the region data is to be checked . 

Step 30 

If the validity of the region data is to be checked, each of the 
operators and body numbers of each region is compared with each of the 
operators and body numbers of all other regions to verify that there is 
no area in one region that is identical to another region. For a com­
plete and detailed discussion of the testing of the region data, refer 
to the DO 456 DO loop (in the simulat ion model) of Subroutine GENI. 
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Step 31 

Compute and store the region enter/leave tables. For a complete 
and detailed discussion of the method used in preparing and storing 
these tables, refer to the DO 590 DO loop in the simulation model of 
Subroutine GENI. 

Step 32 

Reserve one word of storage for each geometric shape used to describe 
the target geometry for the entry intersect data, the exit intersect data, 
and the Subroutine Gl temporary storage area, and assign pointers to these 
areas plus region data pointers . 

Step 33 

Test program input control parameter to determine if the region 
enter/leave tables are to be printed. If not, control is returned to the 
MAIN program. 

Step 34 

Print out region enter/leave tables. 

Step 35 

Test program input control parameter to d e termine if the MASTER­
ASTER array to the end of the region enter/leave tables is to be printed 
out. If not, control is returned to the MAIN program. 

Step 36 

Print out the MASTER-ASTER array to the end of the region enter/ 
leave tables and return control to the MAIN program. 
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FIG. 50. Subroutine GENI Concept Flowchart (Continued) 
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INPUT OF RECTANGULAR PARALLELEPIPED (SUBROUTINE RPPIN) 

Subroutine RPPIN is called by Subroutine GENI during the geometry input and processing phase of the MAGIC program if rectangular parallelepiped (RPP) data is to be entered. This subroutine enters the RPP data, computes the number of abutting RPP's to each side, computes the location of those abutting RPP's, computes the location of the boundary coordinate for each side of each RPP in the target geometry, and eliminates redundant boundary coordinates in the RPP coordinate data. The validity of the RPP data is checked if more than one RPP is used to describe the target geometry. 

The following description is an outline of the purpose and flow of Sub­routine RPPIN. The steps that describe Subroutine RPPIN follow the steps of the conceptual flowchart of Figure 51 . 

Step 1 

Initialize counters and storage pointers for the starting location of the pointer data and the beginning location of the RPP boundary coordi­nates. 

Step 2 

Enter and print out the six boundary coordinates for the current RPP. 

Step 3 

Test the x, y, or z pair of boundary coordinates of the given RPP to verify that the maximum boundary coordinate is greater than the mini­mum boundary coordinate. If this is not true, print out an error mes­sage and stop the program. 

Step 4 

Test to det ermine if all coordinate pairs of the given RPP have been tested . If not, branch to test the next pair. 

Step 5 

Store boundary coordinates of RPP and pointer to boundary coordi­nates. Check for redundant boundary coordinates such as for abutting RPP's, and eliminate to save storage space. In such a case, only the pointer to the redundant coordinate is stored . 

Step 6 

Test to determine if more RPP data is to be entered. If not, com­pute the pointer for the beginning of the abutting RPP data and set pointers to the last location of the boundary coordinate data. 
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Step 7 

Begin loop for checking each side of each RPP for abutting RPP 

surfaces. 

Step 8 

Test each side of each RPP for abutting RPP ' s and store the count. 

For a detailed discussion of determining the abutting RPP's and other 

calculations in this subroutine, refer to the discussion in the simula­

tion model. 

St ep 9 

Test to determine if more RPP's are to be checked for abutting RPP' s . 

Step 10 

Test validity of RPP data, if there is more than one RPP in the tar­

get geometry, to verify that for each side of an RPP there is either an 

abutting RPP, or if t he side faces the outside of the geometry that it 

has the same boundary coordinate as those same sides of the other RPP ' s 

in the geometry whose sides are on the same outside boundary . Set 

variable to last word of RPP data and return control to Subroutine GENI. 
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INPUT OF ARBITRARY POLYHEDRON (SUBROUTINE ALBERT) 

Subroutine ALBERT is called by Subroutine GENI during the geometry input 

and processing phase of the MAGIC program whenever input data for an arbitrary 

polyhedron is to be entered. Subroutine ALBERT computes the equation of each 

side of six possible sides of the ARB, verifies that all four vertices of a 

given plane are in the same plane, determines the relative position of the 

side with respect to the other sides of the ARB, and stores the coefficients 

of the plane equation in the MASTER-ASTER array along with the location of 

the data for each plane . 

The following description is an outline of the purpose and flow of Sub­

routine ALBERT. The steps that describe Subroutine ALBERT follow the steps 

of the conceptual flowchart of Figure 52. 

Step 1 

The coordinates of the first two vertices of the ARB are entered on 

the body data card by Subroutine GENI and passed to this subroutine. 

These coordinates are stored in an array used for storing all of the 

coordinates of the vertices of the ARB. 

Step 2 

Enter the coordinates of the remaining six vertices and the four 

ordinal vertex numbers for each of the six faces. The coordinates of 

the eight vertices of the ARB and the ordinal vertex numbers for the 

six sides are then printed out. 

Step 3 

Begin loop to compute the coefficients for the equation of the six 

planes of the ARB, vertify that all of the points of a side lie in a 

plane, and determine the relative position of the side with respect to 

the other sides of the ARB. This step retrieves the first three vertex 

coordinates of the given plane and computes the coefficients A, B, C, 

and D of the equation of a plane 

Ax + By + Cz + D 0 

using the three-point form 

yl zl 1 zl xl 1 xl Y1 1 xl Y1 zl 

y2 z2 1 X+ z2 x2 1 y+ x2 Y2 1 z - x2 Y2 z2 = 

y3 z3 1 z3 x3 1 .x3 y3 1 .x3 y3 z3 
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Therefore 

Step 4 

Test for a degenerate plane by testing the sum of the square of the coefficients 

for a value of zero . If zero , the message DEGENERATE PLANE is printed 
out, the constant term is set to its absolute value and the program 
branches to stor e the data for the plane. 

Step 5 

Test for an undefined plane by testing the s um of the square of the coefficients against a very smal l value of the square of the length 
between two of the vertices of the plane. If the sum of the squares is not greater, the message UNDEFINED PLANE along with data about the plane is printed out and the program branches to consider the next plane. 

Step 6 

Compute the dir ection cosines of a perpendicular from the origin to the plane being considered where these direction cosines are defined as 

cos a = A/0.2 + B2 + c2 
X 

= s/ .JA2 + B2 cos (l + c2 
y 

c/ -0.2 + B2 cos (l :: + c2 z 
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Step 7 

Retrieve coordinates of the fourth vertex of plane and compute per­

pendicular distance from point to plane formed by other three vertices 

using the distance from a point (x
1

, y
1

, z
1

) to a plane (Ax+ By+ Cz 

+ D = 0) relationship 

distance 

Step 8 

Ax1 + By1 + Cz1 + D 

~2 + B2 + c2 

Test to determine if the fourth vertex lies on the plane by comparing 

the square of the distance with a given tolerance. If not within toler­

ance (not on plane), print out FOUR POINTS NOT IN PLANE along with data 

about the plane and branch to consider the next plane . 

Step 9 

Retrieve the four other vertices of the ARB and substitute each in 

the plane equation for the current plane and store the four results for 

tests. 

Step 10 

Test results of Step 9 to determine relative position of the remain­

ing four points with respect to current plane (in back of. on, or in 

front of). 

Step 11 

Test to determine if remaining four points are all on the same side 

of the current plane. If not, there is an error in the ARB data, so the 

message ERROR IN SIDE DESCRIPTION along with data about the current 

plane and the remaining four vertices are printed out. 

Step 12 

Reverse coefficients of current plane of the remaining four 

vertices to establish the sign convention of the ARB such that the 

positive side of the given plane is on the interior of the ARB. This 

insures that the normal for each plane is directed into the ARB. 

Step 13 

Call Subroutine SEE3 to store the coefficients and the constant term 

in the ASTER array, and to compute the pointer to the data and store in 

the MASTER array. 
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Step 14 

Test to determine if all of the sides of the ARB have been computed , 
tested, and stored; if not, the program branches to consider the .next 
side. 
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INPUT OF ARBITRARY SURFACE (SUBROUTINE ARIN) 

Subroutine ARIN is called by Subroutine GENI during the input processing 

phase of the MAGIC program to enter, check, process, and store the data ele­

ments of a given arbitrary surface (ARS) in the MASTER-ASTER array. 

The following description is an outline of the purpose and flow of Sub­

routine ARIN. The steps that describe Subroutine ARIN follow the steps of 

the conceptual flowchart of Figure 53. 

Step 1 

Enter the number of curves (M) used to describe the ARS and the 

number of points on each curve (N). 

Step 2 

Compute the total number of points used to describe the ARS (number 

of curves times the number of points/curve, M*N), the number of points 

to be stored (NP=2N(M-l)), and the number of storage words required for 

the given ARS. The information is then printed out. 

Step 3 

Test to determine if there were curve and point data entered for 

the ARS. If not, an error message is printed out and the program 

returns control to Subroutine GENI . 

Step 4 

Reserve storage in the body data section of the ASTER array for the 

ARS data, and set and store points for the body data. 

Step 5 

Begin loop for each curve of the ARS to enter the coordinates of 

each point and store them in the NP=2N(M-l) storage locations. NP loca­

tions are required since each point requires four storage words for the 

three coordinates and a flag to specify whether the point along with the 

following two points form a valid (0) or invalid (-1) triangle. Also, 

the points are stored in pairs between curves. For example, given an 

ARS of five curves (M=5) with four points per curve (N=4), the total 

points to be entered would be M•N=5•4=20, but would require NP=2N(M-l) 

=2•4(5-1)=32 points of storage (four words per point). These points, 

PMN, would be stored in the following sequence : P11,P21; P12
,P22

; P13
, 

p23; pl4'p24; p2l'p31; .•• p43'p53; p44'p54' 
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Step 6 

Test to determine if the points for more curves on the ARS are to be entered. If not, the number of points stored, NPa2N(M-l), is stored i n the first word of ARS data and the second word is initialized to zero for use as a hit counter . Compute and print out the maximum number of possible triangles on the ARS. 

Step 7 

Test each three consecutive points to determine if they form a tri­angle by computing the cross product of two legs of the triangle and the dot product of the result. lf zero, the three points form a degenerate triangle and a -1 is stored in the fourth word of the first of the three points. The number of valid triangles would then be reduced by one. 
Step 8 

Print out the number of va~id triangles on the surface of the ARS and return control to Subroutine GENI. 
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GRID/ATTACK PLANE (SUBROUTINE GRID) 

Subroutine GRID is the main control program for tracking a ray through 
the target geometry. It is called by the main control program of MAGIC and 
controls all ~f the input and processing for a single attack plane after read­
ing in data and generating the attack plane at the given angle of attack. 
This plane is divided into a grid of square cells, with each cell acting as 
t~e point of origin of a ray (an option is available to skip a random number of cells). The t~scing of each ray from the grid through the target geometry 
is accomplished by Subroutine TRACK. Subroutine GRID therefore calls Sub­
routine TRACK once for each ray or shotline after Subr outine GRID has defined 
the ray. 

The following description is an outline of the purpose and flow of the 
MAIN program. The steps that describe the program follow the steps of the 
conceptual flowchart of Figure 54. 

Step 1 

Enter the grid input parameters, initial ize specific parameters if 
not set by the input, and print the grid input parameters. 

Step 2 

Compute the sine and cosine of the attack azimuth and elevation 
angles. 

Step 3 

Compute the direction cosines of the rays perpendicular to the grid 
plane and directed toward the target geometry. 

Step 4 

Compute the row and column number of the current grid cell from 
which a ray is to be fired through the target geometry. 

Step 5 

Compute the coordinates of the current grid cell with respect to 
the center of the grid plane. 

Step 6 

Test to determine i f ray or shotline is to be fired from the center 
of the grid cell from a random point within the cell and compute the 
coordinates of the origin accordingly. 
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Step 7 

Transform the origin of the shotline coordinates into the coordinate 

system of tbe target and shift the origin if the input specified a shift. 

Step 8 

Call Subroutine TROPIC to generate random direction cosines. The 

ray origin is then moved by a very small amount in a random direction. 

Step 9 

Back out the or1g1n of the ray from the grid plane within the target 

to an effective attack plane from where the ray will be fired toward the 

target. 

Step 10 

If the origin of the ray is now below the defined ground plane , the 

ray is not fired for the current cell . If above ground, the starting 

coordinates and direction of the ray are saved for later reference. 

Step 11 

Call Subroutine TRACK to coordinare all the processing for the ray 

until it emerges from the far side of the vehicle, and to provide the 

calculated output for the ray. Control will not return to Subroutine 

GRID until calculations and outputs of results are complete for the 

given grid cell. 

Step 12 

Test to determine if all grid plane cells are to be processed or if 

a random number is to be skipped after each cell is processed. 

Step 13 

Increment to the next sequential cell to generate and process more 

cell data . If all cells have been processed, return contro l to the MAIN 

program . 
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RAY TRACKING (SUBROUTINE TRACK) 

Subroutine TRACK has the function of accepting grid coordinates from Sub­
routine GRID and initiali zing the "firing" of a ray. It follows the ray 
through all points of contact and outputs cell identification data and the 
intersect data for each ray for subsequent use in vulnerability analysis 
studies. 

The following description is an outline of the purpose and flow of Sub­
routine TRACK. The following steps that describe Subroutine TRACK follow the 
steps of the conceptual flowchart of Figure 55. 

Step 1 

Initialize subroutine constants, the starting region of the ray, the 
number of intersections, the number of components hit, the number of 
spaces counter, and the target, interior volume, armor, and skirt flags . 
Also initialize to zero the surface number-body number-next region number 
array and the line-of-sight distance from contact to contact array. 

Step 2 

Call Subroutine Gl to find the distance to the next region, the 
number of the next region, and the new position of the point along the 
ray. 

Step 3 

If the region number returned by Subroutine Gl is not negative (an 
error if negative and control is returned to Subroutine GRID), the line­
of-sight distance to the new point and the surface number, the body 
number, and the next region number are stored. 

Step 4 

Test to determine if the new intersect occurs at an RPP boundary, 
which means that the end of the ray has been reached. If the end of the 
ray, branch to output the intersect data of the ray. 

Step 5 

Test to determine if the present intersect is the first along the 
ray if the end of the ray has not been reached. If not the first inter­
sect, branch around the computations involved for the first intersect. 

Step 6 

If the first intersect along the ray, compute the distance along 
the ray path from the first intersect to the original point on the grid 
plane within the target. 
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Step 7 

If the intersect is not the first along the ray, test for special 
material in the region just traversed and update the hit counter and set 
the space flag and ident flags accordingly. If the maximum of the stor­
age arrays have not yet been reached, branch to compute the data for the 
next intersect. 

Step 8 

When the end of the ray has been reached and there have been inter­
sects along the ray, the distance from the final intersect to the original 
point on the grid plane within the target is computed. 

Step 9 

Output cell ident ification data for the first line of output for 
the given ray . The cell ID data consists of the cell number reference, 
the distances to the center grid plane from the initial and final inter­
sects, the distance to the ray point from the grid plane counter, the 
number of intersects , and the space and ident flags. 

Step 10 

Call Subroutine CALC to compute cell intersection data for the first 
half of line of output. Subroutine CALC will compute, for each intersect, 4lt 
the region identification, line-of-sight distance, surface intersect 
obliquity angle, normal distance through region, type of space following 
present region, and the line-of-sight distance through the space. 

Step 11 

Test to determine if the data for the last intersect has been com­
puted. If it has, set variables to zero for second half of line of out­
put and branch around the computation of data for the second half line 
of output. 

Step 12 

Call Subroutine CALC to compute information on the next intersect 
for the second half of the present line of data. Data returned by Sub­
routine CALC is identical to that of Step 10 . 

Step 13 

Update the number of spaces hit and the number of components hit 
counters, and output the line of ray intersect data (two components) . 
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Step 14 

Test to determine if more ray inter sect data is to be computed and 
output. If there is, branch to process data for the next line of output . 
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NORMAL AND ANGLE OF OBLIQUITY CALCULATIONS (SUBROUTINE CALC) 

Subroutine CALC is called by Subroutine TRACK to compute the normal 
distance and the angle of obliquity for each region that the ray passes through. 
Subroutine TRACK calls Subroutine CALC to perform these calculations after the 
ray has passed through all of the target geometry. Subroutine CALC also assigns 
a 9, indicating termination of the ray, to the space following the RPP contain­
ing the target geometry. 

The following description is an outline of the purpose and flow of the 
MAIN program. The steps that describe the program follow the steps of the con­
ceptual flowchart of Figure 56. 

Step 1 

Retrieve the surface number, body number, and the following region 
for the present intersect from the array of intersect data compiled by 
Subroutine TRACK. 

Step 2 

Retrieve the line-of-sight distance through che region following the 
intersect and update the contact point coordinates to the present inter­
sect position. The travel distance of the ray is updated by adding the 
distance through the region following the present intersect. 

Step 3 

Retrieve the body type and the location of other descriptive body. 
data for the body where the present intersect occurs. 

Step 4 

Test the validity of the body type and branch, according to the body 
type of the intersect being considered, to find the direction cosines of 
the normal at the intersect (into the body for an entry intersect and 
away from the body for an exit intersect). 

Step 5 

Compute the angle between the normal at the intersect and the direc­
tion of the ray. 

Step 6 

Call Subroutine Gl to compute the normal distance through the region 
following the intersect. 
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Step 7 

Retrieve the space code of the region following the next intersect 
and the item or component code of the region following the present inter­
sect . 

Step 8 

Test to determine if the region fol l owing the next intersect has a 
special identification (other than space). If so, return control to 
Subroutine TRACK. 

Step 9 

Test to determine if the end of the ray bas been reached by testing 
the next intersect to determine if it is an inter sect with the enclosing 
RPP . If it is, flags are set to indicate the end of the ray and the 
program returns control to Subroutine TRACK. 

Step 10 

Retrieve the distance through the space of the region following the 
present intersect and update the line-of-sight distance traveled by the 
ray before returning to Subroutine TRACK, if the next intersect is not an 
RPP intersect . 
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RAY INTERSECTIONS (SUBROUTINE Gl) 

Subroutine Gl is the main ray- tracing routine of the MAGIC program. It 
performs the following function: Given a ray in a region at a specified loca­
tion with direction cosines, find the distance to the next region and the num-
ber of the next region. 

The following description is an outline of the purpose and flow of Sub­
routine Gl. The following steps that describe Subroutine Gl follow the steps 
of the conceptual flowchart of Figure 57. 

Step 1 

Initialize the variable that accumulates the total distance to the 
next region to zero, and initialize a variable indicator for line-of­
sight distance or for normal distance through the region . 

Step 2 

Test to determine if a new ray is to be processed or if the subrou­
tine has been called to continue tracing a ray that has already been 
started. 

Step 3 

If a new cay is to be processed, initialize to zero the cumulative 
distance variable, and initialize the temporary working storage area for 
Subroutine Gl if it has previously been filled. 

Step 4 

A point on the ray is stepped through the region by finding the next 
closest intersect along the ray until a new region is entered. To accom­
pl ish this, Subroutine Gl investigates all of the bodies in the region 
that the ray might strike. Then, for each body in the region description, 
the distances from the origin to the point where the ray enters the body 
(RIN) and to the point where the ray leaves the body (ROUT) are computed . 
Twelve different body routines are available to Gl for this purpose for 
12 possible body types that could be in the region. Each intersect 
distance is compared until the smallest intersect distance is found that 
is greater than the distance already traveled by the point on the ray. 
The point on the ray is then advanced to the intersect, recording the 
body where the intersect occurs. 

Step 5 

Retrieve from the body data in memory all of the possible regions 
that the ray could be entering. If the intersect occurs as an entry on 
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the body, the entering region table of that body is retrieved. If the 
intersect occurs as an exit on the body, the leaving region table of that 
body is retrieved. 

Step 6 

Test to determine if there are regions in the region table for the 
body. 

Step 7 

Each region from the region table is in turn passed to Subroutine 
WOWI. Subroutine WOWI tests each region passed to it until the region 
that the ray is in is located. 

Step 8 

If there are no regions in the region table, the intersect is 
located at a leaving surface of a rectangular parallelepiped. Therefore, 
Subroutine RPP2 is called to identify the abutting rectangular parallele­
piped in the path of the ray. 

Step 9 

Retrieve from the body data in memory all of the possible regions 
that the ray could be entering for the new RPP. 

Step 10 

Each region from the entering region table is in turn passed to 
Subroutine WOWI. Subroutine WOW! tests each region passed to it until 
the correct region that the ray is in is located. 

Step 11 

Test the region of the intersect to determine if it is a different 
region. If a different region, and the subroutine was not called by 
either Subroutine VOLUM or TESTG, another test is made between the space 
codes (interior or exterior volume) and between the component codes of 
the material of the two regions. If the space and material of the two 
regions are different, the subroutine returns control to Subroutine 
TRACK. If the space and material of the two regions are identical, 
then control is returned to the beginning of the subroutine to find the 
next intersect, etc. 
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REGION LOCATION (SUBROUTINE WOW!) 

Subroutine WOW! is, in essence, the heart of the combinatorial geometry 
method. It performs the following function: Given a region number by Sub­
routine Gl, Subroutine WOWI determines if the present position of a specified 
point along the ray is witbin tbat region. 

The following description is an outline of the purpose and flow of Sub­
routine WOWI. The following steps that describe Subroutine WOWI follow the 
steps of the conceptual flowchart of Figure 58. 

Step 1 

Retrieve the number of solids that are in the region description. 
Then retrieve the first solid , its operator, and its body type. 

Step 2 

Retrieve or calculate the RIN and ROUT intersect distances of the 
solid measured from the origin of the ray. 

Step 3 

Test the operator of the solid to determine its relationship within 
the region where it is located. 

Step 4 

Test the solid with a (+) operator to determine if the point along 
the ray is between the RIN and ROUT of the solid, which is required for 
a valid t est of a (+) operator. 

Step 5 

Test the solid with a (-) operator to determine if the point along 
the ray misses the solid or is on either side of tbe solid, which is 
required for a valid test of a (-) operator. 

Step 6 

If the test of the solid with either a (+) or (-) operator was 
valid, then a further test is made to determine if there are more solids 
in the region, since a region description with no (OR) solid operators 
is satisfied only if every (+) and (-) operator in the region description 
is valid. 

146 



TN 4565-3-71 Vol II 

Step 7 

Retrieve the body data for the next solid if there are more solids 
in region description, and if all (+) and (- ) operators of the previous 
solids in the region description have been valid. 

Step 8 

Test next solid retrieved for an (OR) operator, since a region 
description containing one or more (OR) combinations of solids is satis­
fied if any one of the (OR) combinations is valid. 

If the region description is satisfied because all (+) and (-) 
operators of the solids in the region description are valid, or all of 
the (+) and (-) operators in an (OR) combination of the region description 
are valid, the point on the ray is within the given region and control 
is returned to Subroutine Gl. 

Step 10 

If a (+) or (-) operator test was not valid, test to determine if 
the first operator was an (OR) operator. 

Step 11 

Test to determine if there are any more solids in the region descrip­
tion . If not, there are no other (OR) combinations in the region descrip­
tion. 

Step 12 

If there are more solids in the region description,retrieve the next 
solid and its operator. 

Step 13 

The ray does not enter the region passed to Subroutine WOWI from Sub­
routine G2. Therefore, return control to Subroutine Gl to find the next 
region to be tested by Subroutine WOWI. 

Step 14 

Test to determine if next solid's operator is an (OR) operator. 
This test is performed in order to find the next (OR) combination of 
solids in the region, since a region description containing one or more 
(OR) combinations is satisfied if any one of the (OR) combinations is 
valid . 
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Step 15 

If another (OR) combination of solids in the region description is 
found, then controL is transferred to the beginning of the subroutine to 
determine if this next (OR) combination of bodies in the region descrip­
tion is valid. 

148 



• 

RETRIEVE NUMBER 
OF SOLIDS IN 

REGION AND DATA 
FOR FIRST SOLID 

t"IG . 58. 

NO 

RAY DOES NOT 
ENTER REGION 

TN 4565-3-71 Vol II 

Subroutine ~OWl Concept Flowchart 

149 



TN 4565-3-71 Vol II 

SYMBOLS AND ABBREVIATIONS 

The symbols and abbreviations appearing in the Mathematical Model 
Section are defined in the fol l owing tables . 
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Symbol or 
Abbreviation 

A 

A 

A 

A 

A. 
l. 

A. 
1 

a 

a 

a 

A 

A 

B 

B 

LIST OF SYMBOLS AND ABBREVIATIONS 
(MATHEMATICAL MODEL) 

Equivalent in 
Simulation Definition 

Mnn<>l 

BB Intermediate term used in ELL 
section to represent 

COEF(l) 

ASQ(3) 

AA(I,l) 

C(l) 

A 

A(J) 

AA(3) 

AA 

COEF(2) 

(o2 
- o2 

- c2)/ -2C 
1 2 

Coefficient of s4 of quartic 
equation 

AS4 + Bs3 + cs2 
= OS + E = 0 

Coefficient of x2 of biquadratic 
equation of Subroutine QRTIC 

Intermediate term for solving r 2 
of TOR 

Square of one of length vectors 
of RAW 

X coefficient of equation for ith 
face of ARB 

3 
Coefficient of X of quartic 
equation 

Length of semi-major axis of 
ellipse, a2 = A · A 

Distance between intersect pro­
jected onto H vector and end of 
semi-major axis of REC 

Semi-major axis of REC 

Semi-major axis unit vector of 
base ellipse of TEC 

Intermediate term used in ELL 
section to represent 

(201 • WB - 202 • WB)/-2C 

Coefficient of s3 of quartic 
equation 

AS4 + Bs3 + cs2 + OS + E c 0 

*Non-dimensional 
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Units 

ND* 

ND 

ND 

Inches 

2 Inches 

ND 

ND 

Inches 

Inches 

Inches 

ND 

NO 

ND 
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Symbol or 
Abbreviation 

B 

B 

B 

B. 
1 

b 

b 

b 

B 

B 

c 

c 

c 

c 

LIST OF SYMBOLS AND ABBREVIATIONS 
(MATHEMATICAL MODEL) 

Equivalent in 
Simulation 

MndPl 

B 

AA(I,2) 

c (2) 

B 

BB(3) 

B(3) 

c 

c 

c 

Definition 

Coefficient of X of biquadratic 
equation of Subroutine QRTIC 

Intermediate term for solving r 2 of TOR 

Coefficient of 25 term of quad­
ratic equation S~2BS+C=O for 
solving for intersect distances 
of sphere 

Y coefficien~ of equation for ith 
face of ARB 

Coefficient of x2 of quartic 
equation 

Distance between intersec t pro­
jected onto H vector and end of 
semi-minor axis of REC 

Length of semi-minor axis of 

ellipse. b2 = B · B 
Semi-minor axis unit vec tor of 
base ellipse of TEC 

Semi-minor axis of REC 

Distance between center of ellipse 
and a foci of REC 

Length of ellipsoid major axis 

Constant term of quadratic equa­
tion of sphere S2+2BS+C=O for 
solving intersect distances; 
equal to (nx2 - R2) 

Constant term of biquadratic 
equation of Subroutine QRTIC 
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Units 

ND 

Inches 

Inches 

ND 

ND 

Inches 

Inches 

ND 

Inches 

Inches 

Inches 

2 Inches 

ND 



Symbol or 
Abbreviation 

c 

C. 
~ 

c 

c 

c 

c 

CP 

CV 

D 

D 

D 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(MATHEMATICAL MODEL) 

Equivalent in 
Simulation 

MnrlPl 

COEF(3) 

AA(I, 3) 

RBRTVP 

C(3) 

ASTER (IV) 

TEMP(3) 

WA(J) 

TEMl (3) 

CELSIZ 

COEF(4) 

TEM 

Definition Units 

Coefficient of s2 of quartic equa- ND 

tion AS
4 + BS

3 + CS
2 + DS + E = 0 

Z coefficient of equation for ith ND 
face of ARB 

Intermediate term for solving Inches 
coefficient of 2S of quadratic 
equation for TRC 

Intermediate term for solving Inches 
constant term of quadratic equa-
tion for TRC 

Coefficient of X of quartic ND 
equation 

Distances from center point to 
focus of ellipse 

Center coordinates of TOR 

Coordinates of center point 

Coordinates of vector tangent at 
intersect point on surface of 
TRC or TEC 

Vector from center of torus to 
center of circular plane of 
intersect 

Dimensions of grid cell 

Coefficient of S of quartic equa­

tion AS4+ss3+es2+DS+E=O 

Distance from vertex V to inter--
sect projected onto H vector of 
given body 

Constant term of equation for ith 
face of ARB 
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Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

ND 

Inches 

ND 
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Symbol or 
Abbreviation 

d 

-DX 

-
Dl 

-
0 2 

-
d 

E 

E 

f 

F 
a 

Fl 

Fl 

F2 

R 

LIST OF SYMBOLS AND ABBREVIATIONS 
(MATHEMATICAL MODEL) 

Equivalent in 
Simulation 

Mn~<>l 

C(4) 

DX, DY, DZ 

Dl.X, DlY, 
DlZ 

D2X, D2Y, 
D2Z 

---

TERM 

FOCIA(3) 

FOCIB(3) 

Fl 

F2 

TEM(3) 

TEM.l(3) 

G(J) 

H 

Definition 

Constant term of quartic equation 

Vector from vertex V to origin of 
ray XB 

x, y , and z coordinates of XB 
- (FOCI A) in ELL section 

x, y, and z coordinates of XB 
- (FOCI B) in ELL section 

Direction cosines of r
1 

of TOR 

Constant term of quartic equation 
AS

4 + ss3 + cs2 + DS + E = 0 

Vector from vertex to point of 
contact with side of RCC 

Part of linear expression ex + f 
used in solving quartic equation 

x, y, and z coordinates of one of 
ellipsoid's foci 

x, y, and z coordinates of one of 
ellipsoid's foci 

Intersect distance projected onto 
semi-major ax~s of TEC 

Intersect distance projected onto 
semi-minor axis of TEC 

Coordinates of a foci of REC 

Coordinates of a foci of REC 

Dot product of direction cosines 
and one of length vectors of RAW 

Horizontal distance from center 
of grid plane to random point 
within gr id cell 
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Units 

ND 

Inches 

Inches 

Inches 

ND 

ND 

Inches 

ND 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 



• 

Symbol or 
Abbreviation 

H ref 

H' 

h 

H 

h 

I 

J 

k 

L 

M 

M 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(MATHEMATICAL MODEL) 

Equivalent in 
Simulation 

Madel 

HREF 

H 

H(3) 

ASTER(JA) 

II 

IH 

IV 

J 

TEM( 3) 

A 

Definition Units 

Hor izontal distance from center of Inches 
grid plane to center of specified 
grid cell 

Horizontal distance from center Inches 
of grid plane to lower left 
corner of specified grid cell 

Ratio on R vector of height of hit ND 
on cylindrical surface of RCC 

x, y, and z coordinates of height 
vector of given body 

x , y, and z coordinates of three 
mutually perpendicular length 
vectors of BOX or RAW 

Vector to point of interse~t of 
intersection ellipse with H 
vector of TEC 

Inches 

Inches 

Inches 

Row number of grid plane ND 

Random number for computing ran- ND 
dom horizontal point in given cell 

Random number for computing ran- ND 
dom vertical point within given 
cell 

Column number of grid plane ND 

Specific number of grid cell ND 

Coordinates of point on line from 
foc i through intersect at dis­
tance equal to twice length of 
semi-major axis of REC 

Length of semi-~jor axis of 
intersection ellipse of TEC 

Center of specified grid cell 

155 

Inches 

Inches 
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Symbol or 
Abbreviation 

M 

m 

N 

N 
X 

N 
y 

n 

N 

N 

N 

N 

n 

p 

P. 
1 

Pl-P8 

LIST OF SYMBOLS AND ABBREVIATIONS 
(MATHEMATICAL MODEL) 

Equivalent in 
Simulation 

ML'Id~ 1 

B 

NEND 

NX 

NY 

TLK 

HN(3) 

WB(3) 

ORMAL(3,I) 

XN(3) 

PV(3) 

Definition 

Length of semi-minor axis of 
intersection ellipse of TEC 

Vector from midpoint of cross 
section to intersect of TOR 

Total number of cells in grid 
plane 

Number of horizontal cells in 
grid plane 

Number of vertical cells in grid 
plane 

Length of normal to slanted side 
of RAW 

Normal unit vector of base 
ellipse of TEC 

Direction cosines of vector at 
intersect of body 

Normal vector to slanted surface 
of RAW 

Normal unit vector to triangle 
surface in ARS 

Unit normal vector of TOR 

Additional length of semi-major 
axis of intersect ellipse that is 
greater than semi-major axis of 
top ellipse of REC 

Dot product of vector (XB - V) 
and one of length vectors ot RAW 

Eight points which describe the 
ARB 
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Units 

Inches 

Inches 

ND 

ND 

ND 

Inches 

ND 

ND 

Inches 

ND 

ND 

Inches 

2 Inches 

Inches 



Symbol or 
Abbreviation 

Q 

Q 

R 

RIN 

ROUT 

Rl 

R2 

R3 

R4 

s 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(MATHEMATICAL MODEL) 

Equivalent in 
Simulation 

_Madel 

XNOS 

R 

RB 

RT 

RIN 

ROUT 

Rl 

R2 

R3 

R4 

Rl 

R2 

DIST 

RINt ROUT 

Definition 

+1 . 0 or -1 . 0 multiplier for 
directing normal vector into 
(entry) or out of (exit) body at 
intersect 

Intersect on quadratic_surface 
of TRC projected onto H vector 

Radius of given body 

Radius of base plane of TRC 

Radius of top plane of TRC 

Distance from ray origin to 
entry intersect of given body 

Distance from ray origin to exit 
intersect of given body 

Length of semi-major axis of base 
ellipse of TEC 

Length of semi-minor axis of 
base ellipse of TEC 

Length of semi-major axis of top 
ellipse of TEC 

Length of semi- minor axis of top 
ellipse of TEC 

Major radius of TOR 

Radius of circular cross section 
of TOR 

Scalar value of the distance from 
given ray point to next intersect 

Distance to intersect of side 
containing V of BOX or RAW 
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Units 

ND 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 
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Symbol or 
Abbreviation 

T 

T 

u 

v 

V' 

v ref 

v 

v 

vv 

w , w , w 
X y Z 

w 

LIST OF SYMBOLS AND ABBREVIATIONS 
(MATHEMATICAL MODEL) 

Equivalent in 
Simulation 

. Mnd~l 

RIN, ROUT 

TEM(3) 

v 

v 

VREF 

V(3) 

V(3) 

VPA 

VPB 

VPH 

WB(3) 

W(3) 

Definition 

Distance to intersect of one of 
sides opposite V of BOX or RAW 

Intermediate variable for com­
puting semi-major axis of inter­
sect ellipse of TEC 

Coordinates of projected point of 
TRC or TEC 

ARS point of gfven triangle 

Vertical distance from center of 
grid plane to random point within 
grid cell 

Vertical distance from center of 
grid plane to lower left corner 
of a specified cell 

Vertical distance from center of 
grid plane to center of specified 
grid cell 

ARS point of given triangle 

x, y. and z coordinates of vertex 
of given body 

Dot product of semi-major axis 
vector and vector (V - XB) of REC 

Dot product of semi-minor axis 
vector and vector (V - XB) of REC 

Dot product of height vector and 
vector (v - XB) of REC 

Vertex of intersection ellipse of 
TEC 

Direction cosines of ray 

ARS point of given triangle 

158 

IJni ts 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

ND 

Inches 



Symbol or 
Abbreviation 

WB 

WI 

WN 

ws 

wx 

X 

XB 

XH 

XI 

XP 

XP 
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LIST OF SYMBOLS AND ABBREVIATIONS 
(MATHEMATICAL MODEL) 

Equivalent in 
Simulation 

Mnri "'1 

WBA 

WBB 

WH 

WB(3) 

WI(3) 

WN(3) 

WS(3) 

WN(3) 

XB 

XP(3) 

XRY 

s 

Rl, R2, 
R3, R4 

XS(I) 

Rl, R2, 
CP, CM 

Definition 

Dot product of semi-major axis 
and direction cosines of ray for 
REC 

Dot product of semi-minor axis 
and direction cosines of ray for 
REC 

Dot product of height vector and 
direction cosines of ray for REC 

Direction cosines of ray 

Direction cosines of H vector 

Direction cosines of vector from 
V to X of given body 

Original direction cosines of ray 
from attack plane 

Direction cosines from focus to 
intersect on ellipse of REC 

Intersect point on given body 

Starting point of ray 

Coordinates of intersect point 
projected onto H vector of given 
body 

Intersect coordinates on a given 
plane of RPP 

Intersect point of given body 

Point of intersect of TOR 

Boundary coordinate for a given 
plane 

Vector to entry intersect of body 
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Units 

Inches 

Inches 

Inches 

ND 

ND 

ND 

ND 

ND 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 
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Symbol or 
Abbreviation 

X 
min 

X max 

X 

y 
min 

y 
max 

y 

z . 
m~n 

z max 

a 

a 

y 

LIST OP SYMBOLS AND ABBREVIATIONS 
(MATHEMATICAL MODEL) 

Equivalent in 
Simulation 

Mn.lol 

Rl, R2 
CP, CM 

Rl, R2 
CM, CP 

XS(l) 

XS(2) 

XP(3) 

XS(3) 

XS(4) 

XS(S) 

XS(6) 

Definition 

Vector to exit intersect of body 

Intersect point of REC and trans­
formed ray 

Minimum X boundary coordinate of 
RPP 

Maximum X boundary coordinate of 
RPP 

Value of X coordinate on surface 
of ellipse for solving intersect 
with REC 

Fixed point on ray shotline 

Minimum y boundary coordinate of 
RPP 

Maximum y boundary coordinate of 
RPP 

Value of y coordinate on surface 
of ellipse for solving intersect 
with REC 

Minimum z boundary coordinate of 
RFP 

Maximum z boundary coordinate of 
RPP 

Distance along ray from plane of 
base ellipse to plane of top 
ellipse of TEC 

Distance along ray from start of 
ray to plane of base ellipse of 
TEC 

Units 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Ratio on H vector of height of hit ND 
on quadratic surface of TRC and 
TEC 
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Symbol or 
Abbreviation 

A' 

T 

e 

IJ ' 
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LIST OF SYMBOLS AND ABBREVIATIONS 

(MATHEMATICAL MODEL) 

Equivalent in 
Simulation 

Mn,it:>l 

AMBDA 

AMBD 

DEN 

UMU 

UM 

Defi,nition 

Coefficient of 2S from quadratic 
equation of body for solving 
distance S to intersect of 
quadratic surface 

Coefficient of 2S from quadratic 

equation TS2- 2A 1 S + v' = 0 for 
TRC 

CoefficienL of s2 from quadratic 
equation of body for solving 
distance S to intersect of 
quadratic surface 

Ratio of distance between base 

ellipse and intersect ellipse to 
distance between two planar sur­
faces of TEC 

Constant term from quadratic 
equation of body for solving 
distance S to intersect of 
quadratic surface 

Value of constant term from quad­
ratic equation TS2- 2A' S + v'= 0 
for TRC 
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ND 

ND 

ND 
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ND 





TN 4565-3-71 Vol II 

SECTION III 

SIMULATION MODEL 

This section discusses the manner in which calculations are performed 
within the computer routines. The main routine controls the sequence of 
computations, making frequent use of subroutines for specific calculations. 

The program structure and subroutines' relationships are illustrated in 
Figure 59. 

In the paragraphs following, the individual FORTRAN statements that 
make up the simulation model include references to Section II, Mathematical 
Model. These references consist primarily of the boxed equation that gave 
rise to the FORTRAN statement, but not its derivation. The same boxed 
equation can be found in the Mathematical Model with its derivation. The 
number enclosed in parentheses associated with each equation is its identi­

fying number in Section II. In addition , comment statements appearing in 
the source lis ting are included in the simulation model. 

COMMON and DIMENSION FORTRAN statements, whose purpose is to set 
aside arrays to store values of the variables appearing in the statements, 

are in several routines. The definitions of the variable names, as well 
as the variables in the subroutine call statements, are provided in the 
list of symbols and abbreviations at the end of this section. 
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PROGRAM MAGIC - MAIN ROUTINE 

The purpose of the MAIN routine of the MAGIC program is to direct the entire 

flow of the MAGIC program, calling on various subprograms to perform specific 

functions. 

There are essentially two phases to the MAGIC program: geometry input proc­

essing and main ray-tracing control. The MAIN routine initializes various program 

constants and parameters and enters from card input the program control parameters. 

The targe t geometry is entered by Subroutine GENI, which enters and prepares the 

target geometry data for the ray-tracing phase of the MAGIC program. If the 

target geometry data has already been processed by a previous run, the input tape 

is entered, and Subroutine GENI is therefore not called. 

After the input processing phase, the MAIN program has the option, based on 

the input control parameters, of calling Subroutine TESTG to fire a ray from 

point to point and of calling Subroutine VOLUM to compute the volumes by region. 

lhe region identifiers and space code numbers are then enter ed and stored into 

the MASTER- ASTER array. 

At this point, the ray-tracing phase of the program is initiated. A card 

is entered with the number of angles of attack, and Subroutine GRID is called to 

perform the ray-tracing contr ol phase for each aspect angle. When the ray­

tracing phase of the program is complete, the MAIN program has the option, based 

on the input control parameter, of calling Subrou tine AREA to compu te the 

presented area by component for each aspect angle . 

The statements 

DIMENSI ON AC6 l 
DIMENSI ON ~ASTERC }OOO OI 

are used to dimension the MASTER array for 10 , 000 words a nd to dimension six­

element array A for inpu t of alphameric region data. 

The statements 

COMMON AST ERilOOOOI 
cnMMON/OEOM/LBASE tAIN tROUTtLRltL~OtPIN'•l[A~tOlST 

cOM~ON/UNcO£M/NRPPtNTRIPtN5CALtN800~tNAMAXt~TRl
PtLSCALtLA[GD• 

1 LOATAtLRlNtLROT.LIOtL0CDA t ll5•1lO•l800YtNA5CtKLOO~ 

cnM~ON/TEMPOR/XSI~Ie XI 61tiXI&ltll\l0)tlA(91t lN191 

CON~ON/WA~T/LIAFOeNGlEAA 
cnM~ON/CONTRL/lTESTG tiRAYSKtl(NT~V,lVOlUMtlW

OTtlTaPE&tNO,IY[S 

C0N~ON/£NG[OM/LEGE0~ 
CClH .. nNISlZEI NOQ 
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cn~~ON/EAA/IIRRo 
COM~ON/RA~OM/IRANOM 

are used to pass information into and out of this routine via the COMMON 
statements. 

The statement 

is used to set the MASTER array equivalent to the ASTER array. 

e 

The statements 

90l FOAMATC1Hlt32HTHIS IS THE 11 APR 69 VERSION OF I 
1 1~ t]ZHTHE BRLE!C MAGIC PROGRAM •••••• II) 

90Z FOR~ATC16H BEGIN EXECUTION) 
903 ~ORMATC8IlOl 
904 FORMlTC1HOtlOXt4ZHTHE TAPE 4 USEO fOR THIS RUN HAS THE TITLE I 

1 l0A6/l 
9o5 FORHATCtHOtlOHENT[R GENII 
906 FORMATC1HOtl2HLEAVING OENI) 
90T FORMAT(lHOtJ5HT[RHINATJON ON G[OMETRY INPUT EAROR, 5x, 5~1ERR•tiSl 
908 FOR~ATC1Hltl5HTESTG IS CA~LEDl 
909 F0AMATC1HOtllHLEAVING TESTol 
9\0 'ORMATC1Hlt24HREGION TYPE DATA F0LL0~St 8At6HL1RFO••Il0/ 

1 tH t6HREGtONt&Xt4HCOOEt6Xt4H!VP[t6XtllHOE5cRIPTION/) 
9tj FORMATC31lO•lOXt6A6l 
91Z FnAMAfCI6tllOtl9t?Xt6A6) 
91! F0RMATC1H0•2JHN0 ROO~ ,oR IQ[NT TABL[t5Xt?HLEGE0M•tlT•5Xt 

1 6HLIRFO•tiTl 
914 ~ORHATClHOtl2H~RJTE TAP[ 1 OPTION IS SPECIFIED) 
9\! FORMATCI5tlOXtlOA6l 
916 'ORMATClHlellHENTER VOLUM) 
91T FORMATCt~O•llHLEAVtNG VOLUM) 
91~ FnRMATClH t6H 999e9l 
919 F0RHATC1HltllHENO OF CAS[tl5l 
9z5 'ORHATC1Hlt32HNUM OF ASPECT ANGlES ~OR GRIO 1Stl5) 
92T FORMAT(lOI!l 
9~8 FOA~AT(tHlt32HNUM OF ASPECT ANGL£5 fO~ AREA lStl&l 
929 ,nR~ATClHOtllHNUMB[R OF Gl EARORS [NCOUNT!AEOtl!J 
930 f"RMAT(lHO•llHNU~e!R OF 0 IT[MS £NeOUNTEREOtl5J 
999 fOA~ATClHOtlO~(ND OF RUN) 
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are used to f ormat input data, output data, and ou tput messages . 

c 

The statements 

lRANOM•O 
WAIT! C6t90l) 
WRITE (6t9oz > 

are used to initialize variabl e IRANDM to zer o for use by Func tion RAN for 
generating random numbers; and to print out t he title and version of t he 
pr ogram and a message t hat e xecution of the MAGIC progr am is beginni ng . 

The stat ements 

INITI A~IZE CONSTANTS 

tlS•Z•! U 
130•2 .. 30 
PINF•l•OE50 
Nn•o 
tv!S•l 
IERR•o 
I.BUE• l 
I<I.OOP•o 
NOa=-1 oooo 

15 30 
are used to initialize constants 115 and I30 to 2 and 2 , respectively, 
for use in packing and unpacking data. PINF is set to an extremely lar ge 
number to represent infinity. Variables NO and IYES are set to 0 and 1, 
respectively, for use in testing for various options during the MAGI C program. 
Error counter IERR is initialized to zero. Variable LBASE is set t o one to 
represent the first storage location for data in the MASTER-ASTER array and 
is saved for pr i ntout of major pointer values by Subroutine GENI. KLOOP is 
initialized t o zero and is used internally to keep t r ack of t he specific r ay 
being traced. The constant NDQ is set to 10 , 000 to represent the word size 
of the MASTER- ASTER array . 

The stat ements 

! NTER AND l NITIAI.JZE OPTION PARANET~RS 

AEAO C!t90l)IRDTP4tiWATP4 t iTESTGeiAAYSK t lCAMDltl£NT~V tlYO~UM 
l ' CIAOTP4oNEo0)1ROTP4•IY£5 
t~(IWATP4oN[ e O)IWRTP4•IYES 
lFCITESTGe NEoo)IT[STO•t Y[S 
l~ ( lRAYSK,NEoO ) lRA YSK•IYES 
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l 'l i C&ADi eN[e O) lC&ROI•IT£5 
I' (J[NfLYeN[ eO , I[NTLV•IYES 
t ' CIVOLU". N£eOJ lVOLUM•JYES 

are used to enter the option data and to test each option for a not zero 
condition. Each variable that is not zero is set to equal IYES (IYES=l) for 
later option testing. Options follow: 

IRDTP4 ;. 0 

IRDTP4 = 0 

IWRPT4 ;. 0 

IWRPT4 :; 0 

ITESTG ;. 0 

ITESTG = 0 

IRAYSK I 0 

IRAYSI< • 0 

ICARDI 

IENTLV ;. 0 

IENTLV : 0 

IVOLUM ;. 0 

IVOLUM = 0 

The statements 

Read target description from input tape 4 (binary tape) 

Enter and process target geometry via fub routine GENI 

Write target geometry description on tape 4 (binary tape) 
after entering and processing by Subroutine GENI 

Do not write target description on tape 4 

Call Subroutine TESTG 

Do not call Subroutine TESTG 

Skip random number of grid cells during Subroutine GRID 

Do not skip random number of grid cells during 
Subroutine GRID 

Not used 

The region enter/leave tables are to be pr inted out 
during Subroutine GENI 

Do not print out enter/leave tables 

Call Subroutine VOLUM 

Do not call Subroutine VOLUM 

t 
Cl [NT!A TARGET GEOMETRY ,ROM INPUT TAP[ 4 
c 

l'CJAOTP4,[Q,N0) GOTO lO 
REaD l 4 l LBASEtLEGEOM o NOO tiASTE~(L )tL• l •NOQ,,L800Y tLAEGOt lRIN 

l LROTtLI O tLIRFO tNRPPe NBOOYtNRMA~ •P lNFt tT 
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onTo 20 
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are used 
tape 4. 
with the 
et:tering 

to determine if the target description is to be entered from input 
If it is, the data is entered from tape 4, a message is written out 
title of tape 4, and the program branches around the section for 
and processing the data by Subroutine GENI . 

The statements 

~ 
C4 CLEAR ~~STEP•AST!R ARRAY 
c 

10 on 11 t•~BlSEeNOQ 
UTEA <I l •o. 

1 i cONTINUE 

are executed when the target geometry is not entered by tape 4 but is to be 
entered and processed by Subroutine GENI . These statements zero the 
10,000 words that are to be the MASTER-ASTER array. 

The statements 

c 
C5 ENTEA AND PROCESS TAAGfT GEOMETRY VlA SUBAOUTJNE GENl 
c 

WAIT[ (6t905l 
CALL 0!111! 
WAITE C6t906l 
I'ClERAoLE.olOOTO \l 
WRIT£ 16t90ll1EAA 
5TOP 

are used to output the message ENTER GENI and to call Subroutine GENI to enter 
and process the target description from card input. When Subroutine GENI 
returns control, the message LEAVING GENI is printed. Error counter IERR is 
tested to determine if any errors occurred in Subroutine GENI. If err ors 
occurred, the message TERMINATION ON GEOMETRY INPUT ERROR and the number of 
errors are printed, and t he program is then terminated by the STOP statement . 
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The stat ements 

c 
C6 
e 

WAIT! OUT TAAG!T GEON!TAY TO OUTPUT TAPE 4 

ti l'ClWATP4,[Q,~0)GOTO 20 
W~ITE 141 LBA5€•LEGE0MtNOQt(AST~~lLitL•l•NOQl•L800YtLREGO•LA1N • l L~OT,LIOeLlRFOtNAPPeNBOOYtNAMAXtPlNFtlT 

are executed if Subroutine GENI was called and if no errors occurred during Subroutine GENI. These statements are used t o write out the target geometry description on tape 4 if control word IWRTP4 is set to 1. 

e 
Cl 
e 

The statements 

CALL SUBAOUTI~E T!STG 

20 I'CITESTG,[Q,NOJGOTO 10 
WAITE l6 t90BI 
CALL TtSTG 
WAITE C6t909) 
tTUTG•~O 

are used to determine if Subroutine TESTG is to be called (ITESTG=l). If it is, the message TESTG IS CALLED is printed, and Subroutine TESTG is called. When control is returned from Subroutine TESTG, the message LEAVING TESTC is printed , and the ITESTG option variable is set to zero. 

The statements 

c 
CA CALL SUBROUTINE VOLUN 
c 

lO l'ciVOLUN,[Q,~0 1 tOTO 40 
WAITt: C6t9161 
C&LL VOLUN 
wRITE C6•ql 11 
tVOL.UI"•NO 

a r e used to determine if Subroutine VOLUM is to be called (TVOLUM=l). If it is , the message ENTER VOLUM is printed, and Subroutine VOLUM is call ed . When control is r eturned from Subroutine VOLUM, the message LEAVING VOLUM is printed , and the IVOLUM option variable is set to zero. 
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The statements 

REGION lOENTIFlCATION DA TA FORMAT • I ICODE I lOENT I 
lRN • REGION NUMBE~ 
ICOOE • lTEM CODE 
IOENT • SPACE CODE AND SPECIAL lQENTIFlCATION 

SPECIAL I DENTIFICATION • lO'~O'Jo••o•SO•bo•To•8ot90 

NO lDENT CODE•o SKlRT•lO ARMOR•20 TAHGET•Jo 
SPACE COQES fXTE~lOH VOLU"E • 1 

40 LIAFO•NOQ•NAMA-·10 
I~ILIAFOoGT.LEGEOMIGOTO 41 
WR1TEI6t9l)llEGE0MtLl~F0 

STOP 
4i wqiTE (6oQlniLIAFO 

INTEAI OH VOLUME • •ltt•9te• •t91 •99 

are used to compute a location, LIRFO, near the end of the MASTER-ASTER array 

where the region type data is to be stored. After computing the beginning 

location, based on the number of regions in the target geometry, a test is 

made to determine if this location occurs after the last location of the 

target geometry data entered by Subroutine GENI . If LIRFO occurs before the 

end of the geometry data, an error message with the value of LIRFO and the 

value of the last location of geometry is printed. The program is then ter­

minated by the STOP statement. If LIRFO occurs after the end of the geometry 

data, a message and the region table headings are printed. 

The statements 

c_ 
c 1o E~TER AND STORE REGION 10 DATA 
c 

42 REAOcS,911 1lRN,lCODE,lOENT,cAclltl•l,6) 
tFCJANoLEooiGOTO 50 
•RITE 16 •9 t211ANtiCOOEtlDENTtiACll t l • t•61 
IOENT•IOENT•l 
K•LIRFO•IRN•l 
MASTEAIK)•!COOE* ltS•lnENT 
GnTo 42 

are used to enter from card input the region number, component code, space 

code and special identification, and a 36-letter description of the region. 

A test is made on the region number to determine if all of the region data 

cards are entered. If not, the data on the input card is written out. 
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A one is added to !DENT to prevent storing a negative number, the location in 
the MASTER array is computed based on the region number, and the component 
code and space code are packed in the MASTER array. The program then branches 
to enter the next region data card. 

c 
Cil 
c 
c 
c 
c 

The statements 

NOAA 
lhPE8 
l~OT 
NARU 

• NUMij£~ OF ASPECT ANti~ES 
• SUPPRESS P~lNTEA OPTlON 
• WAITE OPTION FOR TAPE 1 
• NU~BEA Or -SPECT ANu~ES 

~0 READ (5o9271NOAAtlWOToiTAPE8tNAREA 
tFtl~OTeNEo OllWOT•lYES 
tFCtTAPE8oEOoolGOTO 51 
JUPE8•N0 
GOTO 52 

5l IUP£8•1YES 
52 IF IIWOTo[O, NOIOOTO 60 

REWIND 1 
wRITE 16 •914 1 
WA ITElt•9\ 5lN0AA• IITIIltl •l•l ol 

are used to enter NOAA, the number of aspect angles for Subroutine GRID; IWOT 
the write option for output tape 1; ITAPE8, the suppress printer option for ~ Subroutines GRID and TRACK; and NAREA, the number of aspect angles for Sub-
routine AREA. If IWOT is not equal to zero, it is set to one . If !TAPES is 
equal to zero, the printer is not to be suppressed. IWOT is then tested for a zero or one value. If IWOT=l, output tape 1 is rewound, a message is printed 
out that the write tape 1 option was specified, and a 60-column alphanumeric 
title of the problem is written out on tape 1 along with the number of aspect 
angles to be processed by Subroutine GRID 

c 

The statements 

~0 tFCNOAAoLEoolGOTO 70 · 
WRITE (6•9z~lN0AA 

are used to determine if there are any aspect angles to be processed by Subrou­
tine GRID. If not, the program branches to test the Subroutine AREA option. 
If there are aspect angles to be processed, the number of aspect angles to be processed by Subroutine GRID is written out. 
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c c;z 
c 

The s tatements 

CALL SUBROUTINE ORIO FOR EAC~ ASPECT ANGLE 

on 61 t•ltNOAA 
tERR•O 
tERRo•o 
CALL GRID 
y,ctWOT oEG.lYESIWRITE I 1•91B I 

WRITE (6t9}9ll 
WRITE 16 t929llERR 
wRJlE 16•930ltERR~ 

&1 CONTINUE 

TN 4565-3-71 Vol II 

consist of a DO loop which is used to perform the ray-tracing phase of the 

MAGIC program by calling Subroutine GRID for each aspect angle. When control 

is returned after Subroutine GRID processes ea ch aspect angle, the write 

output tape 1 option, IWOT, is tested for an equal-to-one condition . If IWOT 

is equal to one, the Hollerith code 999 .9 is printed on output tape 1; a 

message and the aspect angle number are printed; the number of Subroutine Gl 

errors i s printed; and the number of 0 items encountered is printed . The 

Subroutine Gl error counter and the number of 0 items counter are s et to zero 

before continui ng to the next aspect angle. 

The statements 

1G l'(NAA[AaLEaO)GOTO 99 
~RIT[ C6t9Z8)N&A[A 

are executed after all aspect angles (if any) for Subroutine GRID have been 

processed. These statements are used to determine if there are any aspect 

angles for Subroutine AREA to be processed. If there are; the number of 

aspect angles for Subroutine AREA is printed. 

The statements 

t 
Cll CALL SU8AOUTIN[ AA[A ,OA E&CH ASP£C! ANGLl 

c 
00 11 I•ltN&A[l 
I!AA•o 
CALL &A[l 
~All[ l6t9\9)1 

Tt CONTINUE 
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consist of a DO loop which is used to call Subroutine AREA for each aspect angle to be processed. When control is ret urned after Subroutine AREA proc­esses each aspect angle , a message with t he aspect angle number is printed ; and the Subrout ine Gl error count is set to zero before continuing with the next aspect angle. 

c 

The s ta temen ts 

t9 WAIT[ f6t999t 
STOP 

are executed when all processing in the MAGIC pr ogram is complete. These statements are used to print out the message END OF RUN and to terminate t he program with the STOP statement. 

174 



TN 4565- 3-71 Vol II 

Subr outine GENI 

Subrout ine GENI is the main cont rol routine for target geometry i nput 
processing . Its purpose is to organize the target geometry input data into 
a usable format for subsequent s ubroutines. All of the or ganized dat a i s 
stored in a l arge array called t he MASTER- ASTER array. 

The process i ng of the body input descript ions is accompl ished by 
calling Subroutine RPPIN to enter and process the RPP data. All other 
bodies are processed directly by Subroutine GENI, with the exceptions of 
the ar b i t r ary polyhedron (ARB), which is processed by calling Subroutine 
ALBERT when input for an ARB is encountered; and the arbitrary sur face (ARS), 
which is processed by calling Subr outine ARI N when i nput for an ARS is 
encount ered. 

When all of the body input data has been processed, Subroutine GENI 
enter s the input data for t he region descript ions , stores it in the MASTER­
ASTER a r ray , and then computes the region enter/ l eave tables. 

During a l l of the i nput processing, Subroutine GENI a l so checks for 
er r ors i n the input data and print s out appropriate diagnost i c e rror messages . 

The stat ements 

DIMENSI ON JTV ( 1 1 l, IAN CR I t IAA (8) tF X t2ol tNSOU ( 11 l t 
~ NO o 111 tN01 13l eN0213) , o ,. l J ) tTl (J) t TTl t3) t TTZ (3 1 
OIMENSTO N MASTER i tOOO OI 
COMMON ASTERilOOOO I 
C0MMON/OE0M/LBAS[tRINeROUTtLRt tLRO,PJNFtl£RRt o lST 
cnM~ON/UNCG[M/NRPPtNTRtPtNSCALtNSOO,tNRMAXtlTRIPtLSCAL•LREOOt 

1 LOATAeLRINeLRO TtLI0tL0COAtll!tllO•L800VtNASCt~LOOP 
C0MMON/ T[MPOA/XS C6)tXC6lt i Xt81tlTtl OI•IAC91tlNC91 
COMMON/CONTRLIIT£5TGtlAAVSKt lENTLVtlVOLUMtlW0TtlTAPEieNOtiY[S 
cnMMON/SIZEINOQ . 
cnMMON/UNCLE/NNtiCC4 l 
cnMMON/RRPP/LRPPOtLABUT 
COMMON/ENGEOM/LE GEO~ 

are used to dimension arr ays and to pass infor mation into and out of this 
subr outine . 

The statement 
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is used to set the MASTER array equivalent to the ASTER array. 

c 

The statements 

901 'nRMATC1HOt24HST&AT A[AOING SOLID DATA) 
902 'nRMATilOA61 
903 FnAMAT(}HOtlOA6/) 
90. 'ORMATI?llO) 
9o! ,ORMATC4~tl4HNO, OF RECTANGULAR PARALLlLEPlP~OStltol 

1 4Xtl4HNO, OF SnLtDS tll OI 
2 4Xtl4HMA X NO , Or REGIONS tltO I 

906 'ORMATC1HOt45XtlZHRECT-NGUL&R P&RALL[LEPIP£0 INPUT) 
911 'OAMATC1HOt!OXt22HDESCAIPTION OF SOLIOSJ 
912 FnR~ATI3AltAl•A4t6Fl0•!1 
91~ 'ORMATClHOt6HITYPt tA3t2?H DOtS NOT MATCH •ITH AN lTV) 
914 'OAM&TCI9tlXtJAlt3X•AJtA4t3Xt81!1 
9}! 'nRMATC18tlXt)AltZXtA)tA4t4Xt6,12•5J 
9\6 FOAMATC25Xt6Fl2•51 
917 ,OAM&TC1H0•38HNO NOR[ ROOM FOR SOLJO DATA ~OATA~•llO• 

1 5Xt!HLBOT•tllO•!Xt4HNOQ••IlOI 
918 'OAMATI}H0•25HFINISH R(AOING SOLID Oal&J 
9\9 'ORMATC}HOt SHLA[GOt?H LA!GLt?H LENLYt7H LA1Ht7H LAOTt 

1 . 1H LI0t?H LEOEOM/15t611) 
9ZQ ,OAMATC1HltJ6Xt2)HR[GION COMBINATION DATAl 
921 'nRMATCI!tlXt91A2tl511 
922 FnAM&TC1HOtJOH[AAOA IN OEScAIPTION o, A[Gl0Ntl5• 

19H IN ,l£LOtl2t!Xe24HBOOY NUM,GTeNA~P • NBOOYI 
923 F0AMATI10Xt911HitA2•l5tlHit\XII 
9z• FnAMATCIItzXt9C1HitA2•15•1HitlX)I 
925 FOAMATClHOtlOHILLEGAL OPERATOR IN A80VE CAROtSX•Alt 

1 9H IN FI£L0•12) 
926 'ORMATCtHOeZ9H£AROA IN REGION INPUT IA•tl5tl4M OR NeGT,N.M&X) 9Z7 ,nRNATC\HOtl9HNO MORE ROO~ 'OA AtGION DATA L~&TA•ellOt 

1 5Xt4HNOO••IlOI 
928 FOAMATClHOt26HFINISM A[ADING R[GION OATA) 
9~9 FnAM&TCt4H [RROAt A[GIONtllO•t8H IS P&AT Of AEGlDNtllol 
930 'ORMATC24H 'INISH CHECKING REGION tl!l 
931 ,OAM&TilHOtJ4HNO MORE ROOM ,oA EN!E~ LEaVE TA&L[t§Xt 

1 6HLDATA~tllOt!Xt4MNDQ•I10t5Xt4HP&SStl2t5Xt)HIA•tllOI 
9Ji ;oRM&TClHO•ZBHTOTaL ROOM fDA G[OM[T~Y D&T&t5lt7H~£Gl0M••I•) 
933 'OAMATC1HOt!HENTEA•l8I61C23XtlSI6)J 
9]4 'OAMATClH t5HL[AY(tl816/IZJXtl5l6)) 
9]~ ,ORMaTC}Hl•!OXtl8H8[GtN aRRaY ourPUTII 
9]~ ,OAMAT(J(Jl6tlXt[\lt4t]H I JJ 
93? FnRNA T C f) 
9]8 FORMATCt~O•J4HFINtSH A P4SS OF ENTER LEAVE TA8L[tl5) 
940 FORMATC!OXt6Fl0•51 
94i ~nRMAT11HOt37~TERMlNAT10N ON BAD REbJON DESCRIPTION) 
94Z FORMATClHOt32HEAROR IN OESC~IPTION o, BODY NUMtl6/ 

1 7H VECTORtJFl2•5•24H IS NOT PERPENDICULAR TO I 
2 7H VECTORtJFl2•5/) 

94] FOR~&TC1H0•27HERROR IN OESCRIPTlON OF TOAtSXteHA2,QT,A\/) 
944 Fn'AMAT (lHOt27HERROR IN UESCRIPTION Of TRCt5llt7HAl • A2/J 
945 FOAM&TflH0tSHL8ASEt7H LMPPO• 

t 7H LABUTt7H LB0DY•7H LB0Ut7H LOAfAt1H L80Tt7H LSC&Lt 
2 7H LTRIPt7H NOQ/ISt9171 

946 FOAHaTCtHl•t7HENT[R•L£AVE TABLE) 
941 FOAM.TClHO•l112Xt 4)l/t}l51 
94e F0RM&TC1H0•27HERROR IN DESCRIPTION OF TECt§lt 

1 4tHHEIGHT VECTOR 15 PARALLEL TO BASE ELLIPSE! 
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are used t o format t he input data , output data. and Ol,ltput messages. 

The statement s 

DATA lT V t l I , lTV 12 1 , IT Y < 3) • I TY I 41 •lT Y C ~ I tl TY I 6 I t 1 TV C 11 t JTY C 8 1 
1 I JH80Xt JHSPHt J MRCCt ]HAEC• )HTRCt JHELLt lHRA~t ]HARB I 

DATA tTYI91 eiTY(}o ) .ITYlll ) 
1 I JHTEC• 3HTOR t J HARS I 

DATA 1AA I 1 l •lAA I2)tlU()ltUA(41tlAAtSltlU l b l tlAA( 1) et4AI81 
l I ~H t 2HOR • 2H R •zMR t 2HAA t 2HAR • 2H A t 2HA I 

DATA lANClltUNI2ltiAN1 3 1tUNC41 • lAN(5)dAN( 6 1tlAN(7lel4NC8) 
l I 4• 1• lt 1• 2• 2t 3 t 3 1 

DATA lALilH I 

are used to assign abbreviated forms of the 11 bodies used to descr ibe the 
target geometry to ar ray ITY. Logical opera t or evaluation data is entered 
into array IAA, and integers are placed in the IAN arr ay for converting the 
logical operator of a body to a number. A blank i s entered i nto IBL for con­
trol purposes. 

The statements 

oo 10 1 '"' 1• 11 
10 NBODI II ==0 

are used to c lear t he NBOD array which is used as a counter for each body type 
used to describe the tar get geometry . 

The statements 

c 
Cl ENTER ANO PRINT OUT TITL£ O' THt PROBLEM 
c 

lliAITE C6t90lt 
AUDl5t902l CIT(l) ehl•l Ol 
_,AITE l6t9031 liTe U • 1•1•101 

a r e used to output the message START READING SOLID DATA and to enter and 
pr int out a 60- column alphanumeric title of the problem which wil l appear in 
the printed output . 
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The statements 

ENTER aND PAINT OUT THE PAOGAAH CON!AOL PAAAH[fEAS 
READ4!,904)NRPP,NTAJP,NSCAL 9N80DYtN~HAAtJPMlN,1ACHEK 
WRtTEI~·90S)~RPPtN800YtNRHAX 

are used to enter and print out the control parameters of the problem . Those values entered are NRPP, the number of rectangular parallelepipeds; NTRIP and NSCAL, dummy variables; NBODY, the number of different bodies used to describe the target geometry other than RPP's; NRMAX, the maximum number of regions made by the RPP ' s and other geometric configurations; IPRIN, a printing option (if IPRIN is other than zero, the MASTER-ASTER array will be printed out upon completion of Subroutine GENI); and IRCHEK, to check the validity of the region data if IRCHEK is other than zero. 

The statements 

c 
C& RPP 
c 

WRITE (6 1 906) 
LAA•t 

are used to output the message RECTANGULAR PAPALLELEPIPED INPUT in prepara­tion for reading the RPP input data into the MASTER-ASTER array. The variable LAR is then set to one to indicate the next available location in the MASTER­ASTER array. 

c. 
c~ 
c 

The statements 

APP DATA INPUT 

t~(NAPPoL[eO)GOTO ZO 
CALL RPPlNCLAA) 
tfCt(AR.GT.Q)R[TUAN 

test to determine if there is any RPP data to be processed. If not, control is transferred to compute pointers to the location of various body data in the ASTER array. If there is RPP data to be processed, Subroutine RPPIN is called to enter the RPP data. When Subroutine RPPIN completes i t s task it returns with the variable LAR set to the next available location in the ASTER array . A test determines if ther e were any errors in the RPP input data. If there were errors, the subroutine returns to the MAIN program. 
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The statements 

c 
C7 L800Y STOAABE RESERVE 3•lNAPP•NBOOYI wOAQS 

C I BODY NU~BER I ~OC OF POINTER To HOOY DATA/ 

C I AEOION ENTER TABL[ POINTER I A£~ION ~EAVE TABLE POINTER I 

C I NU~ A[GIONS IN [NTER TA8L[ I NUM A[GlON~ IN ~[AVE TABLE I 

c 
20 LaOT•NOQ-2 

L•LAA 
L~OOY•L•l 
LDATA•L800Y•3•CNBODY•NRPPI 
L800•LOATA 

are used to set LBOT to the first location for storing body dimensions (stored 

backward from the end of the MASTER-ASTER array) and to equate L to the last 

location at the end of the RPP data in the ASTER array. LBODY is the beginning 

l ocation of the body data pointers and is the next location after L. Pointer 

LBODY is saved for later printout of major point er values. The beginning loc­

ation of the body data is computed and assigned to LDATA, and LBOD is equated 

to LDATA for later printout of major pointer values. 

The statement 

c 
50 WAITE C6t9ll l 

is used to output the m~ssage DESCRIPTION OF SOLIDS prior to processing the 

individual body data . 

The statement 

c 
C\O E~TEA DATA FOR BOOY 
c 

is used to begin a DO loop which will enter, process , and organize data for 

each geometric shape (descriptor) in the target geometry for use by the other 

subroutines in the MAGIC program. 

The statements 

are used to compute a value for NN based on the body number and the number ?f 

RPP ' s used to describe the target geometry and to initialize variable LSl to 

zero. LSl is used by Subroutine SEE3 for storing either triplet or scalar data 
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into the ASTER array. LSl = 0 means that triplet data is to be stored. 
LSl = 1 means that scalar data is to be stored. 

The statement 

is used to enter program control data [IC(l) and IC(4)], the body type (!TYPE), 
and the body dimensions. 

The statements 

on sl r•1 •11 
lFilT~PEeEO . ITVIliiGOTO S2 

5 t CI')~TINUE 

consist of a DO loop which compares each of the eleven possible body types 
with the body type entered until the body types match. 

The statements 

WCUTE !6 e9ll) !TYPE 
STOP 

are executed if no match is established between the eleven body types in the 
ITY array and body type entered. A message is printed out giving the body 
type entered and stating that there was no match with the body types in the 
ITY array. The program is then terminated. 

The statements 

!2 JTYP£•1 
N~OO CII•NBOOi l l•l 
K•LBOOY•J•INRPP•~~ll 
~&ST£ACKI•ITYPE•It5+LOATA 

are used to assign the body type number (1-11) to !TYPE and to increment 
by one the number at NBOD referenced by the present body type number. A loca­
tion in the body data section (LBODY) is computed from the number of RPP 's· in 
the target geometry and the number of the descriptor now being processed. The 
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body type number and the pointer to the body data pointers are packed into 

the word at the location referenced by K. 

The statement 

c 
C 80.11 SP~ ACC ~EC TRC fL~ Raw AR~ TEC TOR aAS 

lOO Gl'lfOIZOitll0•20?•?0l•20l t 202t20lt2lOt204t203tl40lt!fYPf 

is executed if it was previously determined that the input contains all or 

part of the triplet and scalar data (dimensions) of the present body. This 

statement causes a branch to the appropriate section for the present descriptor. 

The statements 

lOt LF.•U 
GnTn 21(1 

ZOl LE• 1 
onTn ZlO 

203 L£• 8 
QOTO ZlO 

zo• v:•u 

are used to assign to variable LE the number of data elements required for the 

dimensions of the present body. LE is used in the following READ statement as 

the upper limit of the implied DO loop to enter t he data elements required in 

addition to the six data elements in array FX . For a sphere, arbitrary poly­

hedron, or a r bitrary surface, the program branches around these statements 

since all of the necessary data elements for a sphere are contained in array 

FX, and t he ARB and ARS require special subroutines to input their data ele­

ments. 

The statements 

Z 1 0 IliA IT£ I 6 • 9}5 I 1'4N • I C I 1 l • l C I l I tl C C J J t IT Y r IT YP[) • I C 14l t C, l C .1) , J•l , 6) 
~EA01S t ~40) IFX IJI tJ•'FtLEI 
wAITE 16t916l IFJIIJ) •J•7•LEI 

a r e used to write out the pertinent program data and the data elements for 

the body. The additional data elements required are then entered and written 

out. 

The statement 

C YOX SPH RCC REC TRC EL~ Raw AAd TEC TOR aAS 
OI'IT0fZ90tlOO•JOOt290 t l8S•l70t290t300•Z60tZ5UtJOOltlTYPE 

is used to cause a transfer to the appropriate body s ection to perform checks 

on the data or to compute additional data that is required that was not part 

of the input. 
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The stat ements 

C SPH 
llO •~IT[ (6t915J~NtlCCli•ICC~ItlCCl)ti 1 YfJTYPt)eJCC•I•C'Xl ~),J•l•4) Gt)TO 300 

are used to write out the pertinen t program da ta and t he data elements i f the present descriptor is a s phere with a l l of the data elements in array FX. The program then branches to process and s t ore t he data. 

The statements 

c 
C14 E~TER BOD Y DATA FOR AA~ c 

llft •AtTE C6t915 ) NNolC l lltlC CZitiCCl i •ITYCIT YPl)tiC l•)tC,l(~I•J•lt61 CALL ALBERTIF'~•LeOTtNOQ•LS l ) 
()nTO 360 

are used to write out the pertinent program da t a and the information on t he card previously entered when the descri ptor is an ARB. Subroutine ALBERT is then called to compute the data elements for the ARB from the face points supplied in array FX. 

'I'he statements 

c 
C15 ENTER BODY DATA FOR ARS 
c 

Z40 CALL ARINIL80Tt LOATA) 
Gf'ITO 360 

are executed if the body is an ARS and are used to call Subroutine ARIN ~o compute and store the data elements in the ASTER array. 

The statements 

TOA CONV£RT NOR~AL VECTOH TO UNIT VECTOR 
Z50 TTtlt•,Xc4t 

TTl21•F•I5t 
TT C 3 I ., l C 6 I 
CALL UNIT CTT ) 
FlCl4I•TT C1t 
F'ltl51•TTIZI 
,.. 161 •TT C] l 

are executed when the body is a torus and the data elements were cont ained in array FX. These statements are used to comput e additional information 
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required to completely descri be the torus. Specifically, these statements 
convert t he coordinates of the normal vect or of t he t orus f r om a rray FX to 
a unit vector by calling Subroutine UNIT. The resulti ng coordinates a r e t hen 
s tored in array FX. 

The statements 

IFCF X C71tGE e FXC~I I GOTO i80 
WAIT£ C6t943l 
IERR•t[AA• l 
GtiTtl 280 

are used to compare the major and minor radii of the torus. If the minor 
radius is larger, an error message is printed out and the error count is 
incremented by one. 

The statements 

TEC 
c 
en c 

260 F Cil5 l •FX(l 3) 
L.E • 15 
Tfl ( 1) •F' lt C 7l 
TT l 12 1 •Fit (A) 
TT} CJl•F lt Cq ) 
TT2 11 l •F lt ll O) 
TT;!l2> •n c 11 > 
TTz CJI•FKCt 21 

are executed when the body is a truncated elliptic cone and the data elements 
are contained in array FX . These statements a r e used to move the value of 
the ratio of the lar ger to the smaller ellipse from FX(13) , where it was 
entered, to FX(lS). The variable LE is set to 15 for later use as the upper 
limit in an implied DO loop when the dimensions for the TEC are written out. 
The coordinates of the semi-major axis and semi-minor axis vectors are then 
stored in arrays TTl and TT2 , r espectively. 

The statements 

IFCA8S CDOT C TT I • T T 2 llo~E•O• O ll GOTO l6~ 
WRITE C6t9421NNtTTl•TT2 
IERR•l[RR•t 
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are used to determine if the absolute value of the dot product of t he semi­major axis vector and semi-minor axis vector is less than a small value, which indicates that the two vectors are perpendicular, as they shoul d be. If they a r e not perpendicular , an error message is wri t ten out and the e rror count is i ncrement ed by one . 

The statements 

E,e COMPU TE SE~l·HAJO~ AXIS LENGTH aND CON¥ERT 
C S~Mt-~AJOR AXIS TO UNIT VECTOR c 
26~ r xCtl l •SQRTCOOTCTTloTTl ) l 

c•LL UNITCTTll 
FXC )oi•TT 1 C11 
FXI JJI•TT 1 121 
,llt2l•TT11Jl 

are used to compute the radius of the semi-major axis from the scalar value of the semi-major axis and store the result in FX(l3). Subroutine UNIT is called to compute the unit vec tor of the semi-major axis and the resulting coordinates are stored in FX(lO), FX(ll), and FX(l2). 

The statements 

c 
C19 COMPUTE SE~t•MINOA . liS L[NGTH AND ~ONVERT C SE~I·M}NOR AXIS TO UNIT VECTOR 
c 

FXI14 1wSQRTIOOT CTT2tTT2 11 
CALL CROSSCTTtTT}tTT21 
CALL UNlT ITTI 

are used to compute the radius of the semi-minor axis from the scalar value of the semi-minor axis and store the result in FX(l4). Subroutine CROSS is then called to compute the cross product of the semi- major axis vector and the semi-minor axis vector which results in a vector perpendicular to the base ellipse . Subroutine UNIT is called to convert the perpendi cular vect or to a unit vector, or the direction cosines of the normal to the base ellipse. 

The statements 

HON•F~ 14l•TT1ti•F X ISI•TT C zl•F X C6 l *T! I ll t FCHON)267t266t268 

are used to compute the dot product of the height vector and the nor~mal uni t vector to the base ellipse and to then determine t he sign of the result. 
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are executed if the result of the above dot product was zero, which indicates 
that the height vector is par allel to the base plane. An err or message is 
therefore printed out, and the error count is incremented by one . 

The statemen ts 

l61 TTitl••TTil) 
TTizl•-TT(?.I 
Tf (J I .. TTCJI 

2e1t nt71•TT<ll 
FK Ce,_TT lzl 
Fx 19) •TT lJ l 
onTo zeo 

are used to store the coordinates of the normal to the base ellipse in FX(7), 
FX(8), and FX(9) if the dot product ~as positive, or after the direction 
cosines have been reversed if the dot product was negative. 

The statement 

c 
C10 C~WPUTE FOCI FOR ELL 
c 

270 tFclCC41oEQ,l8L)GOTO 300 

is used to test locat ion IC(4), previously en t er ed , to determine if it con­
tains blanks . Blanks in IC(4) indicate that FX a l ready contains the coordi­
nates of the foci and the length of the major axis of an ELL when the card 
containing FX was originally entered. Non- blank character s in IC(4) indicate 
that FX contains the coordinates of the center of the ELL and the coordinates 
of one end of the ELL, along with the radius of the minor axis of the ELL. 
The r efore, the coordinates of the foci and the length of the major axis must 
be computed. 

The statements 

ISQ•f'X 1 41•FX141•FX I~I•FXt51+FXC 61•,a c 6) 

C•SQRT(ASQ•FXI7)•,X t 7l) 
4•SQIH t&SQ) ,., ,,.,., 
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are used to compute the distance from the center to a focus, the distance 
from the center to the end of the ELL al ong t he major axis, and the length 
of the major axis, which is then stored in FX(7). 

The statements 

811 COMPUTE XeYtZ COMPONENTS OF FOC I 
c 

cx•c•Fx t411& 
CY•c•FXts U A 
cz•c•FXC6)/A 

ar e used to compute the x , y , and z components of the focus with respect 
to the center of the ELL. 

The statements 

c. 
C22 COMPUTE XtVtZ COORDIN~TES OF ,net c 

F'll I 4) •F X t 1 > • C l 
nts>•FX(j!')+C Y 
FIIC6l•FXIJI•CZ 
FlC C 1 I •f"X ( 1 ) • C X 
f' l(l l l •F' XC zi•CV 
FlC I 3) •F' X 13) • Cl 

are used to compute the coordinates of the two foci and store the results 
in FX. 

The statements 

c 
C'J PRINT OUT Nf W INPUT 
c 

2 AO lilA IT E C 6 t 9 15) NN , I C C 1 ) , 1 C C 2) , 1 C C 31 , IT Y l iT Y PE) .I C ( 4 1 , ( F X t J ) , .J• l , 6 1 
wA ITE C6 t9t~l CFX IJ) tJ•7 •LE I 
GO TO 300 

are executed when some of the data elements for the torus, the truncated 
elliptic cone, or the ellipsoid of revolution were not entered initially and had to be computed. These statements, therefore, are used to write out the pertinent program data and dimensions of the pr esen t descript or if it is any one of the above three bodies . 

The statements 

c 
C~4 
c 

VERI FY LOWER &NO UPPER RADI I NOT EQUAL 

ZSS I F IFXI7 1. NE ,FXI81) GOTO 300 
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are executed if the present descriptor is a truncated right cone and the 
dimensions (not pointers) are contained in array FX. These statements are 

used to compar e the radii of the lower and upper bases to verify that they 
are unequal. If the radii a re equal, an error message is written out and 
the error count is incremented by one . 

The statements 

c 
C1S VERIFY THAT VECTORS A ~E PERPENDICULAR 1' 80Xt RAw, OR R~C 
c 

290 IFCABSCF~C4 l•FX 17 1•FX C S I •F x C8 1•FXC6 1 •~K C 911,LE •O •OliGOT0 291 
W~ITE 16•942 1NN tlrXCJ I •J•4•9 1 
lERq•lERR•t 

a r e used to determine if the Hl and H2 vectors are perpendicular fo r a BOX 

or RAW, or if the height vector and the major axis vector are perpendicular 
for a REC. If they are not perpendicular, an error message and the pertinent 

vector coordinates are printed out. 

The statements 

291 IFIA8SCFX141•FX 1lni•FX 151•FX1tli'FXI61•FXI12l i •LE,o•Ot1UOTO 29Z 
WRIT'£ C6t9421NNtFXC,ItFXISl • F XC t~ltFX(lOitF'JIClli'FXC}ZI 

IERR•IERR• l 

are used to determine if the Hl and H3 vectors are perpendicul ar for a BOX 
or RAW, or i f the height vector and the minor axis vect or are perpendicular 
for a REC. I f they are not perpendicular , an error message and the pertinent 

vector coordinates are printed out . 

The statements 

Z9Z lFCABSCFXC7 1•FX I t oi •F• cei•FX C11l•FXI91 •FXClzlltLE, 0• 01 1bOTO loO 
WRl TE 16•9•21 Nlllt IFX(JJ t J •?•lZI 
IERR•IERR•t 

are used to determine if the H2 and H3 vector s are perpendicular for a BOX 
or RAW, or if the major axis vector and the minor axis vector are perpendic­

ular for a REC. If they are not perpendicular , an error message and the per­

tinent vector coordinates are printed out. 
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The statement 
c 
C?6 STORE BOOY DATA AND BOD~ OATA POINTERS 1~ MASTER•aSTER ARRAY 
c 
C BOJ SPM RCC REC TRC ELL RAW ARd TEC TOR ARS 

lOO GnTOI3lO•l2o•llO•llO'l40•llO•Jl0'230tl50tJ-O•z40ltlTYPE 
is a computed GOTO statement used to cause a transfer to the proper body 
section where the body dimensions and pointers will be stored in the ASTER­
MASTER array . 

c 
C11 
c 
c 

31 0 

The statements 

PntNTEA FORMAT BO X ~~w I V I ~1 I 
I Mz HJ I 

REC I V 1 ~ I 
I Hl I ~2 I 

CALL SEElltWHtA STFR t~ASTE~tFXIl ltFX I21 tfX I3) tLBOT,LuATAtNOQtLSll 
MaSTERILOATAI•IwH*l15 
CALL SEEJ I IWHt&STEAt~ASTE~ tFXC,ltFX I sltFXI&l•LBOT,LUATAt~OQtLSll 
MASTERILOATAI•MASTERILOATAI•IwM 
CALL SEEJIIWHtASTER eMASTER,FXI71•F XI eleFXI9)tL80T,LUATAtNOQtLStl 
MAST[R(LOATA•ll•lWH•Its 
CALL SEEJIIWHoASTEReM6STEWtFXItOitF~CllltFXIlzlt 

1 LR0TeLOATA•N00 tLS11 
MASTERCLOATA•tl•MASTERILOATA•tl•l•M 
LOATA•LDATA•Z 
GO TO ]60 

are used to store in the ASTER array the triplet data for the present descrip­
t or if the body is a BOX, a RAW, or a REC , since these three bodies have the 
same data format (four sets of triplet dat a). Subroutine SEE3 is called for 
each set of triplet data which is to be stored or located in the ASTER array; 
SEE3 returns with IWH, t he location (pointer) of the triplet data. These 
pointers are packed, two pointers per word, in the MASTER arr ay. LDATA is then 
incremented for the next set of pointers to be stored in the MASTER array . 

The statements 

PntNTEA FORMAT SPH 1 V I R I 

32n CALL SEE31 I -H,ASTER,~ASTER,fXI tl, FX Izi ,FX13l 1 L80T,LOATA,NOQ 1 ~Sll MASTERILDATAI•IWH•l t5 
LSl•l 
CALL SEEJlJWHtaSTERtMASTEHeFXt4)tFX( 41tFX(4 ) tL80l,LOATA•NoQ 1LSJI 
LSl•O 
~ASTEAILOATa>•~•STER(LOATAI•IWH 
LOATA•LDATA•l 
GOTO 360 
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a r e used to store in the ASTER array the one set of t r iplet data (vertex) 
and the one scalar val ue (radius) for the present descriptor if the body is 
a s phere. Subroutine SEE3 is called to stor e or locate the t r iplet data 
(LSl = 0) in the ASTER array ; SEE3 r eturns with IWH, the location (pointer ) 
of the triplet dat a, which is packed in t he MASTER array. LSl is set to one, 
and Subroutine SEE3 is again called to store or locate the scalar value (radius) 
in the ASTER array. SEE3 returns with IWH, the location (pointer) of the 
radius. LSl is then initialized to zero , the pointer to the radius is packed 
into the same word as the pointer to the vertex coordinates, and LDATA is incre­
mented for the next set of pointers to be s t ored in the MASTER array. 

C. 
C~9 
c 
c 

))0 

The statements 

RCC I V I H I 
I I A I 

[LL I r1 I ~2 I 
I I ~ I 

CALL SEEll tWH tASTEA,M,STEAe FXClltFXI2 1t,A CJitL80 TtLOATA t NOQeLS1 1 

HASTEACLDATAI•tWH.I15 
CALL S!E3CIWHtASTEAeNASTEAtFXC41t, XIS ) •'XC6 ) tL80T,L0ATAt NOQeLS1) 
MASTE RC LOATA ) •MAST!R CLOATA I•lWH 
LSl•l 
CALL S[EJCIWHtAST[AtM&ST[AoF XC 71• FXI 71 •'•C 71 tLB0Te LOATAtNQQ eLS} I 
LSl•O 
M4ST[RCLOATA•li•IWH 
L0ATA•LOATA•2 
GO TO ) 6 0 

are used to store in the ASTER array the two sets of triplet data and the one 
scalar value for the present descriptor if the body is an RCC or an ELL, since 
these two bodies have the same data format (two sets of tripl et data followed 
by one scalar value) . The operation of these statements is similar to that 
descr ibed for the sphere. 

340 

The statements 

TAC I V I H I 
I R& I AT I 

TOR I V I N I 
I R1 I ~2 I 

CALL SEEJ t iWHeASTEAeM•ST[R,FXClltFXCzJ,,.Cl)tL80T,LUATAtNOOtLS1 1 
MASTER CLOAT41•1WH.Il5 
CALL S[E31IWHtAST(AtM&STEAeFX CA)tF XI51tFXC61tL80T,LOATAt N00 eLSll 
MASTERCLOAT&I•MASTERILOATAI•IWH 
LS1•1 CALL SEEJilWHtASTERtMASTE~erXC T ) tFXITI,,XC7 ) tL~OT,LOATAtNOQtLSl l 

HASTER C LDATA•ll•lWH•Jl~ 
CALL S!E3 (1WHeAST[RtMASTEAtFX C&) t,XIale,XC81tLB0 TeL0ATAtNOQ,LS1 ) 
LSl•O 
~ASTEACLDATA•t)•MAST[ACLDATA•ll•l•H 
LOATA•LOATA•2 
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ar e used t o stor e in the ASTER array t he t wo sets of triplet data and the two 
scal a r values for the pr esent descriptor i f the body is a TRC or a TOR, since 
t hese two bodies have the same data format (two s e ts of triplet data followed 
by two scal ar values). The operation of these statement s is similar to that 
described for the sphere. 

The statements 

are used to test the present descriptor to determine if it i s a torus. If 
it is , three additional words are reserved for later use by Subrout ine TOR 
where the number of intersects for a given ray and the d i stance to the third 
and four th intersects (if they occur) will be stored. 

c 
C~ l 

c 
c 
c 
e 

The s t atemen t s 

TEC I V I H I 
I N I & I 
I ~ 1 I qz I 
I I RR I 

35n CAL~ SEElCIWHtAST~A tM4STER , FX(l) t FX Czt,FX(J ) tl80T,LOAT4tNOQ,LSll 
~ASTERCLOATA l •lwH•ll5 
CAL~ S[EJCIWHtASTERtMASTER eFXC4) tFXC51 tFXC6JtL80T,L0ATA t NDQ 1 lSl l 
MaST[RCLOAT&l•MASTEAlLOAfA l •lWH 
CALL SEEJC IW~tASTEA!MASTERtFX C7 l tFXC&ItF X C9)tL80T,l0ATA tNOQeLSll 
~ ASTEA c L04TA • l l •lWH•ll5 
CALL S!EJ C IWHtAST~ReMASTERtFXClOitFACl l )tFXC1zl• 

1 L90T,LDATAtNDOtL51 ) 
~AST(A (LOAT& • l l •M&ST~ACLOATA•ll• I •H 
LSl•l 
CALL SEEJ CI WHt ASTERtMASTEA tfX(lJ)tFA(lJ)eFXCl) l t 

1 LBOTeLDAT At NOQ tLSl l 
M&STEACLDATA•z > •I ~H•l15 
CALL 5EEJ CI WHtAST[A tMASTERtFX(l4 ) tf XC14) tFXCl4 ) • 

1 LBOT,LOATAtNOQtLSl) 
M& ST[ACLDAT A•2t•M&5T[RCLOATA•z ) •lWH 
CALL S[EJ(IWHtAST[RtMASTEReFX l l!)tFX(\!)tFXC15 ) • 

1 LQOTeLOATA•NOOtLSl) 
LSt•O 
MASTERC~0ATA•3l•IWH 
LOATA•LDATA•4 
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are used to store in t he ASTER array four sets of tripl et data followed by 
three scalar values for the present descriptor if the body is a TEC. The 
operation of these statements is similar to that described for the sphere. 

The statements 

c 
C32 CHECK If ANY MORE ROOM 'OR SOLID DA!A 
c 

360 tFCLDATAeLT,NOQIOOTO 370 
WAITE C6t9}7)l0ATAtL80TtNOQ 
STOP 

110 CONTI NUE 

are used to determine if the LDATA pointer is referencing a location less than 
the NDQ (10,000) limit. If the location is less than NDQ, the progr am loops to 
process the next body; if it is equal to or greater than NDQ, an error message 
is printed out with pertinent program information . The program is then termi­
nated by the STOP statement. 

The statements 

WRtTE C6•ql8) 
WRIT£ 16t947 >1TYtN800 
WAITE C6•94S>LBASEtLAPPDtlA8UTtl800YtLB0DtL0ATA•LBOT,LS~ALtLTAIPtN 

AOQ 

are used to output three messages when the DO loop has completed entering and 
processing all of the body data . The first output indicates that all of the 
body data has been processed. The second output gives the number of times 
each body was used in the target description. The third output gives the 
starting location of the major pointers used in the program. 

The statements 

c 
CJJ TRANSFER AST[ACLBOT TO NOQ) TO AST[AtLDATA TO LDATA•LSU~) 
c 

LO•LDATA•l 
LSUB•L80T•LD•t 

are used to set LD to the last word in the section that contains pointers and 
to compute the number of unused words between the last pointer word and the 
first body data word at LBOT. 

The statements 
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on Jl5 I•LBOTeNOQ 
l!TfRILO~TA)•AST[RIIl 
LO~h•t..o•Ta•l 

J1S CONTINU! 

consist of a DO loop which is used to shift all of the data between the loca­
tion at LBOT and the end of the MASTER-ASTER array to the locations beginning 
at the next available location after the pointer data. 

The statement 

t 
CJ4 UNPAC~ POINTER WORDS AND RECOMPUTE PQJNTEHS TO 
C CO~PENSATE ~OR TR4NS,!R 
c 

K•LB00Y•3•CNRPP+NB00Y) 

is used to compute the first location of the pointer data. The last location, 
LD, of the pointer data was previously computed. These values will be used as 
the lower and upper limits, respectively, in the following DO loop. 

The statements 

00 J90 1•1<•1..0 
CALL UNZCitll•12) 
IFilleN£.01Il•Il•LSU8 
t'llz•NE•oltz•lz•t..SUB 
~ASTERCII•tl•Il5•1Z 

)qo cnNTINUE 

consist of a DO loop which unpacks each word conta1n1ng two pointers and recom­
putes the value of the pointers by subtracting LSUB , the number of positions 
the body data was previousl y t ransferred. The two pointers are packed and 
stored into the same location. 

The statements 

c 
C35 REGtON STORaGE 
c 

wRITE C6t9201 
N•O 
J•O 
L.REGD•LOATa 
LOATA•LDAT~+NRMlX 
LREBL•LOAT4 

are used to output the message REGION COMBINATION DATA; initialize two counters, 
Nand J, to zero ; and assi gn the value of the next available location after the 
body data to variable LREGD . The LREGD section will contain pointers to the 
region data. LDATA and LREGL are assigned the value of the next location fol­
lowing the last word of region pointers, and will contain region data (operator 
and body number) . ~ 
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The statement 

c 
CJ6 ENTER AlGION OATA 
c 

40G READcS,921)1At(IA(l ) tlNCitelele9t 
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is used to enter data on a card containing the region number, the logical 

operator) and the bodies that comprise the region. 

The statements 

CHEC~ VALIDITY 0' REGION DATA 

on 410 1•1•9 
l'(lAB$(1NCl)Jel[,N80DY•NAPPtGOTO 
WRITE C6•9zz>1Atl 
J•J•1 
cn~TINUE 

•lo 

consist of a DO loop which is used to test the absolute value of each body 

number in the region to determine if it is a valid number (not greater than 

the number of bodies plus the number of RPP's used to describe the geometry). 

If a body number is determined to be invalid, an error message is printed out 

along with the region number and the number of the field on the card where 

the error occurs. A counter for the number of invalid body numbers is 

incremented by one. 

The statement 

c 
C18 PACK ANO STORE REGION POINTER DATa 
C lR£00 I POJNT£A TO REGION I NU~B(A 0' gOOl(S IN A[GION I 

c 

is used to test the region number. If it is negative (-1), all regions have 

been entered. If the region number is zero , the present card is a continuation 

of the last card entered and contains more logical operators and bodies that 

compose the present region . If the region number is positive , the card con­

tains data for a new region. 

The statements 

42ft WAITE l6t9zJ) ClA(I)tiNtl)et•l•9l 
anTo 430 
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are executed if the present card input contains additional information for 
the present region. The additional logical operators and the bodies that 
comprise the region are wr itten out. The program then branches ar ound the 
section for processing a new r egi on card. 

The statements 

•21 N•N•l 
wRITE (6e924)1R,(1A clleiN(I ) el•l t 9) 
M•LREGO•N•t 
~6STER(M ) •~OATA•It5 

are executed whenever the card entered contains a new region. N, the counter 
for counting the number of regions, is incremented by one, and the data on 
the card is written out. The pointer to the region data for the new region 
is t hen computed and stored. 

The statement 

c 
C19 CM[CK AND CONVERT OPERATOR TO NUMERICAL Y A~UE 
c 

4lo on 435 t•t•9 

is used to begin a DO loop which will convert the logical operator to a 
number and store it and t he body number in the region data section. 

The statements 

DO 4ll K •l • ~ 
IFilA t tl aEQalAAI Kl iOOTO 432 

43 l CONTINUE 

consist of a DO loop which is used to dete rmine the kind of logi cal operator 
that pr ecedes the body number. 

The statements 

WRITE (~t92511A IIl •I 
STOP 

a r e executed if no valid logical operator was found. These statement s cause 
an err or message to be print ed out and the program to terminate. 
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432 lA(II•tANCKI 
T'ttN(tii4JJt43!•434 
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are executed when a valid logical operator has been found; they are used to 
change the logical operator to either a one or four. The body number is then 
tested for a zero, positive, or negative value. 

The statements 

433 lACtl•4+1ACII 
INCll••lN(II 

are executed when the body number is negative and are used to add four to the 
body operator so that for a negative body number, the body operator takes on 
a value of eight. For a positive body number , the body operator takes on a 
value of one or four, with one represent ing an OR condition as well as a (+) 
condition. 

c 
C40 
c 

The statements 

434 M4STERCL0ATAI•1Aitl•ll!+INCII 
LOATA•LOATA•l 
MASTER CM) •MASTEA IM)•l 

I OPERATOR I BODY NUMBER I 

are used to store the operator and body number in the region data section and 
to increment to the next location in the region data section for the next 
operator and body number. The body count for the present region is incre­
mented by one and stored within the same word as the pointer to the present 
region data. 

The statements 

I' ILOATAoLTtNOQIGOTO 435 
~RlT( 16•927)LOATatNOQ 
STOP 

43! cnNTlNUE 
onTo 4o o 
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are used to determine if there is more space available in the ASTER array 
for region data. If the end of the ASTER array has been reached, a message 
is printed out stating that there is no more room for region data. The 
program is then terminated by the STOP statement. If more storage space is 
available, control is t r ansferred to cont inue to enter the next of the nine 
fields of data from the card . If all nine fields of information have already 
been processed , control is transferred to enter the next card. 

The statements 

c 
CAl f~D REGION READ • TEST NUH&!R n, R[UIONS 
c 

440 I'CN.G!oNqMjXJGOTO ••1 
•RITE C6t9261tR 
STOP 

are executed when all of the region data cards have been processed. These 
statements are therefore used to determine if the number of regions entered 
equals the number of regions in the target geometry. If the number of r egions 
processed is less than expected, an error message is printed out , and the STOP 
statement terminates the program. 

The statements 

441 IFCJeLE.OIGOTO 442 
wRITE C6t94l) 
STnP 

442 wRtTf C6t928) 

are used to test the invalid body counter to determine if any invalid body 
numbers were encountered. If invalid body numbers were encountered, an error 
message is printed out, and the STOP statement terminates the program . If no 
invalid body numbers were encoutnered, the message FINISH READING REGION DATA 
is printed out. 

The statements 

c 
C•2 TEST FOR REGION CHECK OPTION, CHECK REQIO~ DATA lF ~OT l£RO 
C C[RAOR IF A~Y POINT CAN BE IN MORE THAN ONE REGIONt c 

I~CIACHEK,EO.NOJOOTO 500 
WAITE 16t9]7t 
LL•O 
HtS•o 

196 



TN 4565-3-71 Vol II 

a re used to determine if the validity of the region data is to be checked. 

If no check is to be made, the program transfers to comput e the entering and 

leaving tables. If a check is to be performed, a line i s skipped and counters 

LL and MIS are initialized to zero. 

c 

The stat ements 

On 456 I•l,NAHAX 
JJ•I•l 

are used to begin an over all DO loop which will compare each of the operators 

and body numbers of one region with the operators and body numbers of all 

other regions . JJ is use d as an index to begin comparisons with the following 

region. 

The statement 

is used to begin a DO loop which will step through each of the regions for 

comparison with the preceding region . 

The statements 

~AI•LREGO• I•l 
CALL UN2 (KR! tLOCitNUMtl 
KRJ•LREGO•J•l 
CALL UN2 CKRJtLOCJtNUMJI 

are used to compute the location of the two pointer words for the two regi ons 

to be compared; and to unpack the pointers to t he two regions and the 

number of bodies in each region. 

The statement 
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is used to compare the number of bodies in each of two of the regi ons to 
be compared to determine the smaller region, since each operator and body 
of the smaller region will be compared with all of the operators and bodies 
of the larger region. 

The statements 

JO•~UM J 
tt•NUMI 
onTn 451 

are executed if the first region is the smal ler and are used to assign the 
upper limits of the two following DO loops so that each item of the smaller 
region is tested against each item of the larger region. 

The statements 

4'0 TO•NU"4J 
Tt•NU"4I 
L•I.OCl 
LOCI•L.OCJ 
L.0CJ•I. 

are executed if the second region is the smaller and are used to switch the 
pointers and assign the upper limits of the two following DO loops so that 
each item of the smaller region is tested against each item of the larger 
region. 

c 

The stat ements 

451 DO 453 KD•leiO 
KL.K•LOtt• KO•l 
c•l.l UN2 CKL.KttOPOeN80) 
M 452 1' 1•1•11 
I(Lf<•lOCJ•kJ•l 
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CALL UN~(KL~•IOPI.NBII 
tFtiOPOeNE.IOPIIGOTO 4!2 
IFCN90 •Nf.N81 IGOTO 4!2 
"4tS•Ml5•1 
GOTO 453 
C,NTINUE 
C,NTINUE 
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consist of an outer DO loop and a nested DO loop which are used to perform 
the actual comparisons of each operator and body of the two regions. To 
accomplish this, the locations in each of the two regions of the packed oper­
ator and body number are computed and unpacked. The operators of the bodies 
in the two regions are compared; if they are the same, the body numbers are 
compared . If the operator and body number of the two regions are identical, 
the MIS counter is incremented by one. Looping continues until each operator 
and body number of the smaller region have been compared with each operator 
and body number of the l arger region . 

The statements 

JFC~IS,NE,JIIGOTO 454 
w~ITE (6•9291 Jt I 
LL•LL+l 

4~4 114IS•O 
4'5S CONTINUE 

are used to compare the count in the MIS counter with the number of bodies in 
the smaller region. If they are equal, there is an area in the larger region 
that is identical to an area in the smaller region , indicating that a given 
point could be in more than one region. Since this is an illegal condition, 
an error message with pertinent data is printed out, and the LL counter is 
incremented by one . If counter MIS and the number of bodies in the smaller 
region are unequal, there is no area in the larger region that is identical 
to the smaller region. Therefore, the MIS counter is initialized to zero, and 
control is returned to index to the next successive region. 

The statements 

WRITE (6 1 9)0) l 
.,56 CONTIIIfUE 
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are used to pr int out a message each time a r egion has been compared with all ~ 
of the remaining regions. The progr am is then i ndexed to the next region. 

The statements 

l'CLt. .oT.otSTOP 
-'RITE 16•93?) 

are used to determine if a given point can be in more than one r egion by 
interrogating the count in counter LL for a greater than zero condition. If 
a point can be more than one region , the program is terminated by the STOP 
s t atement. If the count is zero, the progr am continues after the WRITE state­
ment causes one line to be skipped. 

The statements 

c 
C4J PREPARE AEOION t.E,VE TA8~E ClS••l) AND A[OION EN! ER TAB~E CtS••l • 
c 

500 ts•• l 
NN•NBOOY•NAPP 
L[ Nt.V•LOAU 

are used to initialize the variable IS to - 1 for computing the region leaving 
table; +1 is used for computing the region entering table. The s t atements ~ 
also compute NN, the total number of bodies and RPP ' s used to describe the 
geometry for use as the upper limit of a DO loop; and initialize variable 
LENLV to the next available location after the region operator/body number 
data. 

The statement 

is used to begin a two-loop DO loop which is used to compute and store the 
region leaving table (IS = -1) and to comput e and store the region entering 
table (IS = +1). 

The statement 
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is used to begin a DO loop which will compute and stor e the region leaving 

or entering table and pointer s for each body used to describe the target 

geometry. 

The statement 

is used to compute the location of the pointer word in the LBODY section where 

the enter/leave region pointers and the pointers to the number of regions in 
the table are to be packed and stored. The LBODY section requires three words 

per body. The first word contains the body type and the location of the body 

pointers . The data for the first word was computed, packed, and stored ear­
lier in this subroutine. The second word contains the pointers to the region 

enter table and the region leave table. The third word contains pointers to 

the number of regions in the region enter table and the number of regions in 

the region leave table . 

The statements 

tFCISoGE•O IGO TO ~10 
MASTER( ~•ti•MAST[AC~•l)•~OATA 
0~ TO 520 

510 M•ST£A(M• l) •M•ST[AlM•l >•~DATA•I1S 

are used to determine if the pointer to the region leaving table (IS = -1) or 

the pointer to the region entering table (IS ~ +1) is to be stored. If the 

region leaving table pointer is to be stored , it is stored in the last 15 bits 

of the second body pointer word. If the region entering table pointer is to 

be stored, it is stored in the 15 bits befor e the last 15 bits of the second 

body pointer word . 

The statement 

c 

is used to begin a DO loop which will compute the leaving or entering region 

table and the number of regions in the entering or leaving table. 
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The statements 

tT[~P•LREGO•J•l 
c•LL u~2 CIT€MPtL0C•NC) 
tALL UN2 CLnCt!OPtOUM) 

are used to compute the location of the pointer and number of bodies for the 
present region number and to unpack the number of bodies in t he region and 
the operator of the first body in the region. 

The statement 

is used to begin a DO loop which will perform the actual testing of all of the 
bodies in each region , compute the leaving or entering region table , and com­
pute the number of regions in the table. 

The statements 

MM•LOC•N• l 
CALL UN2CMMtl DPERtNUM) 

are used to locate and unpack each packed operator/body number in the region. 

The statement 

is used t o compar e the test body number against the body number established 
by the DO 580 statement. If they do not match 7 the program loops to consider 
the next test body in the present region. If no match is found in the present 
region , the bodies of the following regions are compared until a match is 
found. 

The statement s 
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are executed when the body number established by the DO 580 statement has 
been located in the region data. These statements are used to determine 
if the logical operator of the first body in the region where the matching 
body number was located is an (OR) operator. If it is not an (OR) operator, 
a test is made to determine if the operator of the test body number is a (-). 

The statement 

is executed when the logical operator of the first body in the region contain­
ing the test body number is not an (OR) operator and the test body number has 
a (+) operator. This statement tests to determine whether the entering or 
leaving table is being prepared. If the leaving table is being prepared, the 
present region cannot be a region the ray might be in. Therefore , the program 
loops to determine if the test body number is used elsewhere. If the entering 

table is being prepared, the present region can be a region the ray might be in . 

The statement 

is executed when the logical operator of the first body in the region containing 
the test body numbe r is not an (OR) operator and the test body number has a (-) 
operator. This statement tests to determine whether the entering or leaving 
table is being prepared . If the entering table is being prepared, the present 
region cannot be a region the ray might be in. Therefore, the program loops to 
determine if the test body number is used elsewhere. If the leaving table is 
being prepared, the present region can be a region the ray might be in. 

The statement 

is executed when the logical operator of the first body in the region contain­
ing the present body number is an (OR) operator. This statement is used to 
determine if the entering table or leaving table is being prepared and to 
branch to increment the count of the regions in either the entering table or 
leaving table. 
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The statements 

ssn MtSTEACM•fl•MASTERCM•z)•JlS 
Gn TO !52 

!!l MA$l[~CM•Z)•MASTERCM•Z)•l 

are used to increment the count of the number of regions in the leaving table (or entering table) for the specific body being considered. The count of the number of regions in the leaving table is located in the last 15 bits of the third word of the body pointer word set. The count for the enter ing table is located in the 15 bits previous to the last 15 bits in the same word. 

The statements 

!~2 M&ST[AlLOATAJ•~ 
LOATA•LDATA•l 

are used to store the region number in the leaving table (or entering table) and to index to the next location . 

The statements 

t~CLOATAaLTaNOQl&OTO !?0 
WAITE C6t931lLOATAtNOGtMMM,J 
STOP 

!6G cnHTJNUE 
!l9 CONTINUE 
!8G cnNTINUE 

are used to determine if all of the storage in the MASTER- ASTER array has been used. If it has, a message is printed out along with pertinent program variables and the program is terminated by the STOP statement. If storage is still available, the program is continued. 
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WAITE C6t938)"MM 
t!•IS•2 

590 CONTINUE 

TN 4565- 3-71 Vol II 

are executed whenever the leaving table or entering table has been completed. 

A message is printed out, the variable IS is set to +1 if the leaving table 

has just been completed , and the program returns to prepare the entering table. 

If the entering table has just been completed, the variable IS is set to +3, 

and the program continues to the next section. 

The statements 

g44 RESERVE SPAC£ FOR RlN STORAOtt ROUT STOAAiEt AND 

' SUBROUTINE 91 T[MPORAAY STORAGE 
c 

~l•LDATA•l 

NN•NAPP•NBODY 
LRtN•LoATA•l 
LAOT•LRIN•NN 
ltO•LROT•NN 
LEOEOM•LIO•NN 
WAITE (6 t932)LEGEOH 
wqJT[ c 6 , 919)LREBO•LAEGLtLEN~VtLAlN•LA0TtL10tLEOEOM 

are used to assign to variable Ll the last location used for the region 

enter/leave table; to assign to variable NN the total number of geometric 

shapes used to describe the target geometry; to assign to variabl e LRIN the 

beginning location of the entry intersect data for a given r ay ; to assign 

to variable LROT the beginning location of the exit intersect data for a 

given ray ; to assign to variable LIO the beginning locat ion of a temporary 

storage area reserved for use by Subroutine Gl; anrl to assign to variable 

LEGEOM the last plus one location of the geometry data. One word of storage 

for each geometric shape used to describe the target geometry is reserved 

for the entry intersect data, the exit intersect data, and the Subroutine Gl 

temporary storage area. The total storage for the geometry data is then 

printed out. In addition, the beginning location of the region data pointer 

section, LREGD; the beginning location of the r egion data section, LREGL; 

the beginning location of the enter/ l eave table, LENLV; the beginning locations 

of the enter and exit intersect data, LRIN and LROT; the beginning location of 

the temporary storage section for Subroutine Gl, LIO; and the last plus one 

location of the geometry data , LEGEOM, are all printed out in table format. 

205 



TN 4565- 3-71 Vol II 

The statements 

~45 T£5T PEGION ENTER/LEAVt TABLE PRINT OPTION c 
IFitENTLVtEQ,HO)AETURN 
wRITE (6t9461 
NHIIIR•NBODY•NAPP 

are used to determine if the region enter and leave tables are to be printed out. If not {IENTLV = 0), program cont rol is returned to the MAIN program . If the enter/leave tables are to be written out (IENTLV = 1) , the headi ng ENTER- LEAVE TABLE is printed out, and the number of geometric shapes used to describe the target geometry i s assigned to variable NBNR for use as the upper limit in the following DO loop. 

The statements 

c 
C46 PPtNT OUT REGION [NTE~/LEAV£ TABLES e 

on 600 Na l eNBNR 
LOC•LBOOY •J*IN•t l 
LOC•LOC•l 
CALL UN2(L0CtLENTeLEAV) 
LOC•LOC•l 
C•LL UN Z I LOCt ~ENT,HEAV I 
Jl •LENT 
J 2•L£NT• .,.EHT•l 
wAITE 1 ~•93JINt J\eJ2tfMAST£ACK)tK•JltJZ ) Jl•LEAii 
J2•LEAV•NE Aii•l 
WRITE 16t9)41Nt J}tJZ t iMAST[ACK) t K•JieJZt 6nO CoNTINUE 

consis t of a DO loop which is used to print out the enter/leave tables. This is accomplished by computing the pointers to the enter /leave tables and the number of regions in each. The tables for each geometric shape used to describe the t arget geometry are t hen pr inted out. 

The statements 

TEST "&STER•ASTER ARRAY PAINT OP! lON 
I'ClPAlN oEQ,O IAETUAN 
WRITE (6t93!SI 

are used to determine if the entir e MASTER-ASTER array to the end of the enter/leave tables is to be pri nt ed out . If not (IPRIN • 0), program control 
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is returned to the MAIN program. If the MASTER-ASTER array is to be printed 

out (IPRIN = 1), the message BEGIN ARRAY OUTPUT is printed out. 

c 
c 

610 

620 

The statements 

PRINT OUT MASTER•ASTER ARRAY TO [NO 0, R[ijlON ENTER/LEAVE TABLES 

00 6ZO K•LBAS(tllt3 
tl<•l( 
t~<z•K•z 
M•O 
M 610 I•lKeiKZ 
... w •• 
C4LL UNZCitl1•l21 
NOl CMI•Il 
N02CMI•1Z 
O•(MI•AST[P(J) 
N()OfNI•l 
cnNTlNUE 
wRITE l6t9J61 INOo CU tNO\ C\. 1 tNOz CL.I t04 (LI tL•l'll 

CONTINUE 
RETURN 
[NO 

are used to write out the MASTER-ASTER array in groups of three words at a 

time beginning at location LBASE, the first word of the MASTER-ASTER array, 

and continuing through the last word of the region enter/leave tables. 

Each total word is written out as well as the unpacked format of the word . 

Therefore, some of the output will be meaningless, since not every word in 

the MASTER-ASTER array is packed. When the output of the MASTER-ASTER arr ay 

has been completed, program control returns to the MAIN program. 
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Subroutine RPPIN(LAR) 

Subroutine RPPIN is called by Subroutine GENI during the geometry input 
and processing phase of the MAGIC program if RPP· data is to be entered. This 
subroutine enters the RPP data, computes the number of abutting RPP's, com­
putes the location of those abutting RPP's, computes the location of the 
boundary coordinate for each side of each RPP in the target geometry, and 
eliminates redundant boundary coordinates in the RPP data. The validity of 
the RPP data is checked 1£ more than one RPP is used to describe the target 
geometry. 

The statements 

01Jo4ENSJON XC6) 
DlMENSJON ~&STEAClOOOO) 

are used to dimension the MASTER array for 10,000 words and to dimension a 
six-element array, X, for ose in entering boundary data for a given RPP. 

The statements 

COM~ON ASlEAClOOOO) 
cnM~ON/GEOM/LR&SEtAlNtROUT ,~MieLAOe~lNrtiEHA tOIST 
cnMN0NtU~CGEM/NRPPtNTNtPtNSCALt~OoY,NAM&X•L!RIPtL5~&Lt~R[GOt 

1 LOaTAtLR1N oLROT•Lf0tLOC0Atll5tiJOtLB00YeNaSCtKLOOP 
cnMMON/RAPPILRPPotL&QUT 

are used to pass information into and out of this subroutine via COMMON 
statements. 

The statement 

is used to set the MASTER array equivalent to the ASTER array. 

The statements 

c 
910 FORMAT(6El2e5) 
9zo ~nAMATC18•t7Xt6Fl2•5) 
93ft F0AM&TilHOt27HERAnR IN OESCMIPTION ur RPP•l5t5lt1oHHJN•GEeM&~J 
940 FORM&TilHOt27HERAOA 1~ OEStRI~TIO~ o, RPPt7XtilO•lOAtllOI 
950 FnAMATilO~t7HSURFACE•t5•8••ZE20•61 

are used to format the inpu~ data, the outpu~ data, and outpu~ messages. 
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The statements 

c 

c c, 
c 
c 
c 
c 

LA-SE • 8EGIN~tNG 
I t I ..J I 

LOC•TlON OF RP~ POINTERS RESERVE 12 •OAOSJRPP 
I CPO)NT£M TO LIS! OF AdUTTt~G RPP•SJ 

I I k I J fN~Nt:tEW OF ttPP-S THd ABUT Tti!S SURFACE! 
k IPOlNTEM Tn ~OUNoAAY cOO~OlNATE FOA SUAFAcEI 

c 
C~ LRPPQ - REGtNNI~G LOC~TtON Of UPP 80UNOAAY COORUlNATES 
C THAT &WE POlNlEU lO BY k C~&AS£ • 12 • NAPPJ 
c 

are used to initialize to zero the error count of the number of errors in 
the geometry input; to initialize variable N, the RPP number, to the first 
RPP; and to set variable I and pointer LRPPD to the beginning location of 
the RPP data (boundary coordinates) that follows the RPP pointer data. 
Pointer LRPPD is saved for printout of major pointer values by Subroutine 
GENI. 

The statements 

c 
C' n .TER ROUNOAP't' COORI>l"•ATlS OF' WPP 

c 
ln Q£AO(t;,9\0l Cl(tJitJ•l•"l 

wRJTE 16•92oiN o tXIJ)•J•lt~l 

are used to enter and write out the six RPP bounding planes. The minimum 
and maximum values of tbe RPP are entered into six-element array X from 
the six fields on the input card. 

The statements 

c 
C4 IIF.RlF'Y "'lNJilllJit4 ROUI'•IOARV COti~O TNA fl ~o.ESS T'"'AN CORA[SPONOlNG 
C ~AXI~U~ ijOUNOAAY COOUniNATk 
c 

0(l ?0 J•l•'-•? 
JFc•tJ)o~T.l(CJ•tliGOTn 20 
IIIRllE 16•930)1~ 
STOP 

?.~ CnNTlNUE 

consist of a DO loop which is used to verify that the minimum value is less 
than the maximum value of each of tbe x, y, and z RPP bounding planes. If 
one of the minimum values is larger than the corresponding maximum value~ 
an error message is printed out, and the program is terminated by the STOP 
statement. 
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The statement 

c 
C~ STORE ROUNUARY COORDI~&TlS 8EGI~~1NU !T 
C LOC&T(ON LRJSE 4 Clz.• NHPPI . 
c 

is used to begin a DO loop which is used to store the boundary coordinate for each of the RPP bounding planes in the LRPPD section of the RPP data; and to store the pointer to the boundary coordinate in the LBASE section of the 
RPP data. 

The statements 

tt•LRASE•l2*NQPp 
L•LBASE • tz • IN• ll•~ • IJ• \l 

are used to initialize variable II to the beginning of the boundary coordi­nate data section; and to set pointer L to the location in LBASE of the side and RPP being processed. 

The statement 

is used to determine if pointer II, which is initially set to the beginning location of the boundary coordinate data section, is less than the pointer I, which is set to the location where the next boundary coordinate is to be stored. (Pointer II is used to search through each of the boundary coordi­nates previously stored in the ASTER array for a value equivalent to the present boundary value entered from the card input. If an equivalent value is located, the location, II, of the value , but not the new input, i~ stored, thus saving storage space). 

The statements 

&S TERIJ) •~IJl 
~ AST[~IL• t l•l 
I• l• t 
r,nTO 33 

are executed wh~n none of the boundary coordinates already stored is found to be equivalent to the current value from the card input. These statements 
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store the input from the card in the ASTER array at the next location in 
the LRPPD section, store location pointer I, increment to the next available 
location, and continue with the next boundary. 

The statement 

c 
C~ C~EC~ FOR ~ND ELI~l~ATE REOUNDANT ~OUNOA~Y COO~OlNATES 
c 

31 t~IXIJ) o EQ.ASTE~ItlliGOTO 32 

is used to compare the boundary coordinate already stored with the current 
boundary from the card input. 

The statements 

are executed when the indexed boundary coordinate already stored does not 
equal the current boundary from the card input. These statements increment 
to the next boundary coordinate and cause a branch to determine if all 
stored boundary coordinates have been compared • 

The statements 

32 MASTERCL•ll•l 
33 CONTINUE 

are executed when an already stored boundary coordinate is found that is 
equivalent to the current boundary from the card input. These statements 
store the pointer to the equivalent value and continue to test the next 
boundary coordinate input. 

The statements 

lFIN.GEoNRPPlOOTO ~0 
N•N+\ 
GOTO 10 

are used to determine if all of the RPP data cards have been processed when 
each of the six fields from the current RPP data card has been processed. 
If not, RPP number N is incremented by one, and control is returned to enter 
the next RPP data card . 

211 



TN 4565- 3-71 Vol II 

The statements 

c c; L•BUT • BEGINNING ~OCATlON 0, ~1ST 0, ABUT R'P-5 PACK£0 ZIWOAo C I POINTS H[AE C J CONTAINS NU~BER IN LIST 
c 

~n LA8UT•t 
LAST•I•l 
L•LAST 

are executed when all RPP data cards have been entered and the boundary 
coordinate data, with respective pointers, has been stored in the MASTER­ASTER array. These statements are used to set the pointer, LABUT, to the next location after the boundary coordinate data, which is the beginning of 
the packed list of abutting RPP 1 s . Pointer LABUT is saved for printout of major pointer values by Subroutine GENI. Var iabl es LAST and L are set to the last location of the boundary coordinate data. 

The statements 

c 
Ce SEARCH ,OR ABUTTING APP•S TO SURFACE J 0, R,P I c 

on 57 r•l•Nqpp 
nn 5T N•l·~ 

are used to begin DO loops which will determine the abutting RPP's for each side of each RPP. 

The statements 

are used to initialize to zero the number of abutting RPP's counter, LL, and 
to initialize switch M to +1 each time a new side of a possible abutting RPP is to be tested. M can equal either +1 or -1 and is used in determining which of two parts of a packed wor d the abutting RPP number is to be stored. 

The statements 

K•LBA5[•12•11•ll•2•1N•tl 
~ASTEACKl•IL•ti•ItS•MA!TE~CKI 

is used to compute and s tore the location of the list of abutting RPP's for the side of the RPP being considered. 
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The statement 

is used to set variable NC equal to the opposite side number from N for the 

RPP that is to be tested . 

The statement 

c 
Cq DETERMINE tr RPP J HAS ABUTTING SuA,ACE TO APP 1 

c 

is used to begin a DO l oop which will test each of the RPP's in the target 

geometry for abutting surfaces. 

The statements 

l~ll oEOoJ lGOTO 56 
I,ISileNl,NEoSIJoNCl)GOTO 56 

are used to insur e that I and J , the two RPP's to be compared , are not the 

same RPP ; and to cause a search for the RPP with an opposite side (NC) 

from side N which has an identical coordinate. 

The statement 

c t10 COMPARE 80UNOAAY COOROl NAT[S OF RPP•S 1 ANU J 

c 

is used to begin a DO loop which will test the opposite sides of the two 

RPP's other t han the two sides with identical coordinates. 

The statements 

NN•N•NC 
KU•4•K•l 
tri NN.[Q o ~4llGOTO ~3 

are used to prevent the two opposite sides with identical coordinates from 

being tested since it has already been determined that the sides share the 

same boundary. 
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are used to compute two opposite faces of the two RPP 1 s for comparing 
boundaries. 

The statements 

tFCSCle KZlleOT,SIJtKZtiiGOTO 50 
tFISCJtK211•~T.SIItK2 llOOTO 53 

~0 t,CSClt~Zl)o0EoSIJt~2 llGOTO 51 
tFCSCJeK2 l eLEeSIItKZ IIOOTO 53 

51 t,ISCitKZ loOToSfJ•KZ lloOTO 56 
tFC~CieKl\loLTeSCJtKZlliOOTO 56 

53 cnNTlNUE 

are used to compare the two opposite remaining face pairs to determine if 
they share the same coordinate within the boundaries of the two RPP ' s. 

The statements 

c 
~\1 STOA[ RPP NUMBER IN ABUTTING APP LIST AND INCR[MENT NUM~EA 
c 

~••M 
l'l~eLTooiGOTO 5• 

are used to set M to its opposite value (+1 or -1) and to test for a -1 
condition to determine in which part of a two-part packed word the abutting 
RPP is to be stored . 

The statements 

MASTEACLl•MAST£ACLl•J 
onTo ss 

are executed if the next availabl e locat i on for storing the abutting RPP 
number is the last 15 bits of the storage word. The abutting RPP number 
is therefore stored in the last 15 bits, and contr ol is transferred to 
i ncrement the count of abutting RPP's. 
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are executed if the next avail able l ocation for storing t he abutting RPP 
number is in the 15 bits prior to the last 15 bits of the next word. These 
statements therefore increment L to the next word and store t he number of 
the abutting RPP in the inside 15 bits. 

The statements 

55 LL • LL • l 
~6 CONTINUE 

are used to increment the count of RPP ' s that abut side J of RPP I and to 
transfer to test the next RPP. 

The statements 

~•LBASE• l z• <I •t l •l•lN•t l 
~-STER !K)•MAST[RI K) •LL 

! 1 CONTI NUE 

are used to store the number (LL) of RPP's abutting side J of RPP I when 
all RPP's in the target geometry have been tested. The program then trans­
fers to consider the next side or RPP . 

The statement 

lF( NRPP,LE, l i GOTO 63 

is used to test the number representing the quantity of RPP's used to 
describe the target geometry . If only one RPP (or none) was used, the 
program transfers around the section for testing the validity of RPP data. 

The statement 

C_ 
C\ 2 TEST VALlO ITV 0~ RPP OAT & 
c 
c 

no 62 J•l• 6 

is used to begin a DO loop to verify, for each side of all RPP's, that there 
is either an abutting RPP; or, if the side faces the outside of the geometry, 
that it has the same boundary coordinate as those same sides of the other 
RPP's in the geometry whose sides are on t he same outside boundary. 
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The statements 

NRPPl•NRPP•l 
Ot) 61 t•l•NAPPl 

are used to set the upper limit of the DO loop to one less than the number 
of RPP's in the target geometry, and to begin a DO loop that will search 
through the RPP's for an RPP with a side that has no abutting RPP. 

The statements 

JJ•LB&5E•l~•lt •li•2•1Jwll 
CaLL UN2f JJtiOU~tl21 
IJ•MASTEACJJ•l) 

are used to determine the number of abutting RPP's and the pointer to the 
boundary coordinate for the side of the RPP being considered. 

The statements 

t'llz•NEeoiOOTO 61 
It•l•t 

are used to test for the number of abutting RPP's. If there are RPP's 
abutting the side~ the program loops to test the same side of the next RPP . 
When a side is found with no abutting RPP's, II is set to the number of the 
next RPP as the lower limit of the following DO loop. 

The statement 

1)0 ,0 IC•lltNAPP 

is used to begin a DO loop which will search the remaining RPP's in the 
target geometry for the condition of no abutting RPP's on the same side. 

The statements 

K~•~8A!(•lz•l~•l)•z•CJ~l) 
C•L~ UNliK~tlOUMtl51 
h•MUTEA C1<1<•1 I 

are used to determine the number of abutting RPP's and the pointer to the 
boundary coordinate for the RPP side. 

216 



TN 4565-3-71 Vol II 

The stat ements 

are used to test the RPP side for abutting RPP' s. If there are abutting 

RPP' s , the pr ogram loops to test the same side of the following RPP's. When 

one is found with no abutting RPP ' s, the boundary pointer for the side of 

this RPP and the RPP pointer of the previous DO loop a r e compared t o deter­

mine if they a r e identical. If they are , the program loops to test the 

next RPP . 

The stat ements 

I~RR•IERR•l 
wRITE (6 t 940 I l•K 
wAtT£ t6t 9SOIJ eASTER(lJitASTER I I61 

are executed when the pointers to the boundar y coordinate of the t wo sides 

of the two RPP ' s are not identical. These statements increment the error 

count and print out error messages with pertinent data. 

The statements 

60 cn~TI NUE 
MTn 62 

6i cnNTINUE 
,?. cn~TINUE 

are used to continue the search for RPP sides with no abutting RPP's to 

verify the exterior boundaries of the target geometry and t o verify that no 

ho l es exist in the RPP data. 

c 
r. 

The statements 

6' LAR•L. 
RET URN 
END 

are used to r eturn control to Subroutine GENI along with the location of the 

last word of RPP data when this subroutine has completed its function . 
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Subroutine ALBERT(FX,LBOT,NDQ,LSl) 

Subroutine ALBERT is called by Subroutine GENI during the geometry 
input and processing phase of the MAGIC program whenever input data for an 
arbitrary polyhedron is to be entered. Subroutine ALBERT computes the 
equation of each side of six possible sides of the ARB, verifies that all 
four vertices of a given plane are in the same plane, determines the rela­
tive position of the side with respect to the other sides of the ARB, and 
stores the coefficients of the plane equation in the MASTER-ASTER array 
along with the location of the data for each plane. 

The statements 

DIMENSION lA16t4l tA A(8e 3l•Ft4l •FXt6l 
OIMENStON ~ASTERilOOOO) 

are used to dimension the MASTER array for 10 , 000 words and to dimension 
other arrays to be used in this subroutine. 

The statements 

COMMON ASTE~(lOOOOl 
cnMMON/UNCGEM/NRPPtNTRIPeNSCALt~BOQYeNRM&XtLTRlPeLSC&Lt~AEGOt l LOAT&tLRTNtLROTtLI0tL0CD&•l15'llO'LA0DYtNA$C,~LOOP 
cnMMO~/GE0~/L8&S[tRINtROUTeLRteLRO,PJN,tlEARtQIST 

are used to pass information into and out of this subroutine via COMMON 
statements . 

The statement 

is used to set the MASTER array equivalent to the ASTER array. 

The statements 

9oi FOR~ATt25Xt6FlZe5) 
90~ ~nRM&T it OXt6fl~•411)) 
90J 'nRHATtt0• •6ElO•JI 
9n4 FnRM&Ttzs••6 <4Xt 4I21) 
90~ FORHATttMOtlSHUNOEFINEO PLAN[) 
90~ ~nR~ATI15tlO C Elle411 

218 



907 rnR~AT(lH~t2bHFOUR POINTS NOT IN~ PLAN[) 
90A FOR~ATC\H0e25HERROR I N SlOE OESCAlPTlO~I 
909 FOHMaTCtHOtt~HOEGEN£AaT[ PLANEtl51 
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are used to format input and output data and output messages. 

The statements 

c 
C1 STORE COORDINATES OF FJ~ST TWO VERT1CES I N ARRAY AA 
c 

t<•l 
on 10 1•1 •2 
on 10 J•ltl 
U Itt J I •F It II< I 
K•t<•l 

1(1 CONTINUE 

consist of two DO loops which are used to equate the coordinates of the first 
two vertices passed to this subroutine from Subroutine GENI in six- element 
one-dimensional array FX to the first six elements of 24-element two­
dimensional array AA. 

The statements 

c 
C~ E~TER COORDINATES OF REMAINING Sl it VERTICES lNTO AA~AY aA 
c 

REAO IS, 903 I I I U I I , J l t J•l t 3 l t l•J t8) 
c c, ENTER ORD I NAL NU~YERS OF PLANE VEHTlCES 
c 

REA015,902l I IU II.JI,J•le41 ,l•lefll 
WRITE 16t90l I I IAA I ( t JI •J•l•ll t I•lt81 
IIIRlTE 16tQ 0 4 111 1AiltJi tJ•t•4l t l•ltb l 

are used to enter the coordinates of the remaining six vertices into the 
remaining elements of array AA, to enter the four ordinal vertex numbers for 
each of the six faces , and to write out the coordinates of the eight vertices 
and the ordinal vertex numbers for six sides of the arbitrary polyhedron. 
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The statement 

c 

is used to begin a DO loop which will compute the coefficients for the 
equation of each of the six surfaces, verify that all of the points lie in 
a plane , determine the relative position of the plane with respect to the 
other planes, and store the data in the ASTER- MASTER array. 

The statements 

~4 ~ETRIEVE FfRST THREE VE~TEX COORDINATES 0~ PLANE 
r. 

tli•IA CIt U 
TY•UCT•2 1 
TZ•Uct•JI 
J(} •AA(tXtl) 
Y\•AA(JXt21 
ll•UCtAtJI 
X2•u C I Y 'I I 
Y~•AAI IYt21 
Z;~•AACJ'YtJ) 

llJ•UCIZtll 
Y)•AlltZt21 
lJ•UCIZtJI 

are used to assign the x, y, and z coordinates of the first three vertices 
of the side to individual variable names. 

The statements 

c 
C~ cnHPUT£ COfF'lCIENTS 0, PLANE EQUATION 
c 

D•Xl•Cv2•ZJ•Z2•YJ) •X2•C Yl•ZJ•Zl•YJI•Xl•CYl•Z2•Zl•Y21 
A•C•Yz•Z3•Zl•YJ•Y1•ZJ•Zl•YJ•Yl•zz•Zl•Yzl 
8•Cxz•ZJ•Zz•XJ•Xl~Z]•XJ•Zl•Xl•Zz•Zl•Xzl 
c•CVz•x]•Xz•Y)•Yl•XJ•Xt•Y]•Yl•Xz••l~Y21 
Ot2•CXt•X31••z•IY\•YJ1••2•1Zl•ZJI••z 

are used to compute the x , y, a nd z coefficients and the constant term for 
the equation of the plane formed by the three vertices; and to compute the 
square of the length between two vertices (Dl2). 
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c 
C~ TEST FOR OEOENEAAT! PLANE 
c 

A292C2•A•A•B•B•C•C 
tFCA2B2C2oNEeOeiGOTO 21 
WAITE (6•90911 
0•485(0 ) 
GOTO 61 
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are used to compute the sum of the squares of the x , y , and z coordinates 
(A2B2C2) and to test the result for a value of zero . If the result is equal 
t o zero , a message is printed out indicating t hat the thr ee vert ices form 
a degenerate plane. The absolute value of t he constant term is computed, 
and the program transfers to store the results in the ASTER arr ay. 

The statements 

c 
C1 TEST FOA UNOE,I NEO PlANE 
c 

21 0 1210•012•1,0£•12 
l~(A2B2C2oGTo 01210 I GOTO 22 
WRI TE t6•9oS I 
~R I TE lbt906 11•A •B •C•D•Dll 
tEAA•tEAR•t 
anT~ 1o 

are executed if it has been determined that the three vertices do not form 
a degenerate plane. These statements reduce the square of the lengt h between 
two vertices (D12) to an extremely small value (Dl210) and compare Dl210 
with the value of the sum of the squares of the x, y, and z coefficients 
(A2B2C2). If A2B2C2 is not greater than Dl210, an error message indicating 
an undefined pl ane is pr inted out along wit h pertinent data about the 
undefined plane. The error count is incremented by one, and control is 
transferred to compute and test the next plane of the ARB . 

The statements 

?2 S•SOATCAZB2C2l 
~X•A/S 
wY•B/ S 
wz•cts 

are used to compute the direction cosines of t he perpendicular vector from 
the origin to the given plane . 

221 



TN 4565- 3- 71 Vol II 

The statements 

c 
CR AETRIEV£ COOAOINAT£5 OF FOURTH VfATfX ON ~L.Nf 
r. 

IC•IACI,• I 
11.4 •AAIT Cql 
Y4•UttCt21 
24•U(JCtJ) 

are used to assign the x, y, and z coordinates of the fourth vertex of the 
plane to individual variable names. 

The statements 

c 
CQ cn~PUTE DISTANCE TO PLANl OF FOURT" VEATE• 
c 

~2•1•0·1A•X41•C9•141•(C*l•ll/((A•wxi•C8•wYI•Cc•wl)) 
022•02•02 

are used to compute the per~endicular dis tance from the fourth ver t ex to 
the plane formed by the first three vertices and to square the distance. 

The statements 

c 
C10 nETER~INE IF FOURT~ VERTEX ~IES ON PLANE OF FIRST T"AEE VERTICES 
c: 

tFCD22,LEolo OliGOTO 30 
WRITE (6t907) 
IEAA•IERR•t 
WRITE (6•9o6II•A•9•C•OtDlz•DZ 
GOTO 70 

are used to test the squared perpendicular distance from the four th vertex 
to the plane formed by the first three vertices . If greater than the 
allowable limit, indicating that the fourth vertex does not lie in the plane 
formed by the first three vertices, an error message along with pertinent 
data on the plane is printed out, the error count is incremented by one, 
and control is transferred to compute and test the next plane of the ARB. 

c 

The statements 

30 00 31 IC•lt4 
Fil<i•o. 

ll CONTINUE 

consist of a DO loop which is used to zero the four-element array, F. 
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The statements 

c 
Cll COMPUTE VA~UES OF OTHER FOUR V[ATlC~S 
C WITH RESPECT TO PA[S!NT SIDE 
c 

L•l 
nn 32 J•l•8 
IFCJ•E9•1X.OR,J,fQeiY.OR,J,[Q.tZ•OR!J•EQ•IC)GOTO J2 
F(~)•A•AA(Jtlt•B*AACJtz)•C•AACJtll•O 
L•L•l 

32 CONTINUE 

TN 4565-3-71 Vol II 

are used to initialize F array index L to one. The DO loop is used to 
determine the other four vertex numbers that are not a part of the plane 
being considered . These four vertex numbers are used to retrieve the x, 
y, and z coordinates for each of the four vertices and substitute them into 
the equation for the plane be ing considered. The results for each are 
stored in four-element array F. 

The statements 

COMPUTE NUMBER OF OTHER VERTICES ON ElTH(A 
!tOE OF PLaNE OR ON PLaNE 

M•O 
N•O 
j•o 
DO 44 L•l•• 
tF(A8SCFCLll .~E •l•OE•6)GOTO •2 
tFCFCL))4lt4Zt43 

41 M•M•1 
GOTO 44 

42 N•N•l 
GOTO 44 

·~ J•J•l 
44 CONTINUE 

are used to initialize counters M, N, and J to zero. The DO loop is used 
to test the results of each of the four vertices in four-element array F, 
to determine if the vertex lies on the plane (count inN), if the vertex 
lies on the positive side of the plane (count in J), or if the vertex lies 
on the negative side of the plane (count in M) . 
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The statements 

c 
~;l OETERMtN[ SIDE 0, PLAN! OTHER VEA!l~rt ARE LOCATED 
c 

t~CN ,[O eOIOOTO 51 
t~CN•N,[Qe.IGOTO 60 
lF CJ•N,£Q,4tGOTO 61 
OOTO 5Z 

5l l'IH.EQ.4100TO &0 
t't J ,[Q•41GOTO 61 

are used to determine on which side of the pl ane the rema~n~ng four vertices 

are l ocated and to verify , by tes t ing the contents of counters M, N, and J, 
that they are all on t he same side of the plane. 

The statements 

52 WRITE 16t9Q81 
WAIT[ 16t90&I 1t4tBtCt0tDl~•OleC,tLitL•l•4 l 
l[RRat[RA•I 
AOTO 10 

are executed if the remaining four vertices not part of the plane under 

test are not all on the same side of the plane . These statements therefore 

are used to write out an error message along with pertinent program informa- 4lt 
tion for troubleshooting purposes. The program increments the error- count 

and transfers to. compute and test the next side of the ARB. 

c 

The statements 

60 A••A 
8••B 
c•·c 
D••O 

are used to establish a sign convention of t he ARB such that the positive 
side of the given pl ane is on the int erior of t h e ARB . This also insures 

that all normals to the pl anes of the ARB are directed into the ARB. 
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The s tatements 

c 
~t4 STOR£ PlAN~ COE,,lCIENTS AND POIHT£AS 
c 

61 CALL SEEJCiwH,ASTtA,MASTEAtA•BtCt~BOT,~DAfAtHOQtLSl~ 
MASTEACLDATAI•IWH 
~51•1 
C4LL S![Jil WHtASTER t MAST[R tOtOtDt~BOTt~DITAtNOQ t LSl l 
LSl•O 
MASTEACLOATA I•MASTEACLOATA I•I • H• I l5 
LDATA•LDAT A•l 

TN 4565- 3- 71 Vol II 

a r e used to store in the ASTER array the coefficients A, B, and C as triplet 
data a nd the cons t ant term D as a scalar value . Subroutine SEE3 , which is 
called to stor e the tri plet data (LSl=O) A, B, and C in the ASTER array, 
returns wit h location (pointer) IWH of the coef ficient s; t his is packed in 
the MASTER arr ay. LSl is set to l , and Subr outine SEE3 is again called to 
store the D term as a scalar value in the ASTER array . Subr outine SEE3 
returns with location (pointer) IWH. LSl is i nitialized to zero, t he point er 
to the D term in t he ASTER array is packed i nto the same word as the pointer 
t o t he location of the A, B, and C terms , a nd LDATA is i ncr emented for the 
next set of pointer s for the next side of t he ARB. 

c 
c 

The s t a t ements 

10 CONTINUE 
AfT URN 
[NO 

are used to cause the subroutine to loop to compute and test the next side 
of the ARB . If all of the six possible sides have been computed, tested, 
and stored , the program returns t o t he cal l ing program, Subroutine GENI. 
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Subroutine ARIN(LBOT,LDATA) 

Subroutine ARIN is called by Subroutine GENI during the input processing 
phase of the MAGIC program to enter, check, process, and store the data ele­
ments of a given arbitrary surface (ARS) in the MASTER-ASTER array. 

c 
c 
c 
c 

The statements 

SUBROUTINE ARIN<L80TtlDATA) 

SUBROUTINE READSe CHECKSt PROCESSESt AND STORES INPUT DATa 
FOR THE ARS !ARBITRARY SURFACE) 

OIMENSION Wl3ltUW13ltVW(3)tWN(3) 
Ol~ENSJON ~ASTE~ttnOOOl 
CO~MON AST~R!lOOOQ) 
COM~ONIUNCLEINNtlC(4) 
EQUIVALENCF (MAST[R tASTEA) 

are used to dimension arrays to be used in this subroutine, to pass information 
into and out of this subroutine, and to set the MASTER array equivalent to the 
ASTER array. 

c 

The statements 

olRtlXe]Alt2Ke3HARSe2KtA4t2XtAXo 901 FORMATtlH 
1 37MNUMRF.R OF CURVES 

lH t33Xt37HNUN9F.~ OF POI~TS 
\H t33~t]7HNUM8ER OF PO!~TS 
1M o33.t37HNUMBE~ OF POINT~ 
lH t33~t37HTOTAL STORAGE 

M•,IlO I 
N•ellO I 

MNa,IlO I 
NP•2N(M- l)•,ll0 I 

NSTR•4NP•82• 9 ll0 l 
903 
904 
qo~ 

9n6 
~10 

911 
92n 

2 
3 
4 
5 
FO~~AT(2SX,~Fl2.4) 
FOR~AT(l0Xe6~lOoSl 

P[R CURVE 
IN 
STORED 

FOR~4TI1H t33Xt34HNUM~ER OF TRIANuLES DESCRIBED tllO l 
FOR~AT!lH ,J3Xt34HNUMRER OF NON•OlGENERATE TRIANGLES,tlO l 
F0RMATilHOo43HERR~R IN DESCRIPTION OF ARS SOLID NUM8[Rtl5l 
F0RMAT(5X,21H~UMBER OF POJNTS IS Ot 
f0RMATflOXt2tiOl 

are used to format the input and output data entered and printed out during 
this subroutine. 
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c 
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The s t atements 

ENTE R NUMHE~ OF CURVES AND NUMBER OF POINTS PER CURVE 4N0 
COMPUTE NUM~ER OF PO INT TO dE STORED ANO STORaGE RE QUIREMENTS 

NP:2•N•I M- }) 
NSTR~··~P +A? 
wAt TE 16 t 90 l) NN ,J CI 1 1 t iC1 2) o l C ill t l C I ~IoMt N tMNtNPtNSTR 

are used to enter the number of curves which are to be input and the number 
of points to be input for each curve. The tot al number of points to be entered 
and the number of points to be stored are also computed. (Points are stored 
in pairs between consecutive curves.) The total storage required for the 
given ARS is computed and a message is written out giving the sequential body 
number of the ARS, a control number, the number of curves, the number 
of points per curve , the total number of points entered, the reserved space 
for storing the points, and the total number of storage words required for the 
given ARS. 

c 
c 
c 

The statements 

CHE C~ IF NU~RE R OF POI NTS I~ 0 

JF (NP.G T. Ol GOTO 10 
W~ T T E I~ o 910 l NN 

WRJ TE16 t911l 
~[ TURN 

ar e used to deter mine if t her e are any points to be stored for t he given ARS. 
If not , the body number and an error message a r e printed out , and the sub­
routine returns control to Subr outine GENI. 

c 
c 
c 

The statements 

R£SER VE STOR AGE l ~ MASTER- ASTER ARRAY fOR ARS DATA 

1n L80TcL80T•NSTR 
~ASTER(L O ATAl•LROT 
LO~TA•LDATA+ l 
LOC•LBOT•SZ 
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are used to provide a storage area in the body data section of the ASTER array ~ 
for the ARS data; to store this beginning location in the body data pointer 
section in the MASTER array indexed by LDATA; to increment LDATA to the next 
available location in the body data pointer section of the MASTER array; and 
to set LOC to the beginning location of the ARS point data . 

c 
c 
c 

The statements 

ENTF.~ 4~0 STO~E COO~OlNATE OArA OF ARS 

~OCC•LOC+4 
on 2Jo t•l.M 
IFCI.EQ,M)LOC•LOCC 
~JaLOC 

~2•LOC•A*(N• ll 
REA01S,9n4l 14STE~IlltA~TERC~•lltASTERC~•2l•L•Ll•L2tBl 
W~ITEI6t90J) IASTERill•ASTERIL+lltASTERC~+ZltL•~ltL2t8l 
tFCl,NEaMlWRtTE16,903) 
IFct.Ea.\ . nR . I.EQ.~lGnro 220 
DO 2 10 L•~lel2t8 
ASTERILOCCl•ASTERC~I 
ASlERILOCC+ll•ASTERCL•ll 
AST£RCLOCC•2l•ASTERCL+2l 
~OCC•~OCC•8 

210 CONTINUE 
220 LOC•L2•~ 
230 CONTINUE 

are used to enter the M*N points and store them in the NP=2*N*(M-1) reserved 
locations beginning at word 82 of the reserved section for the given ARS. 
The points are, in effect, stored in pairs between consecutive curves. For 
example, given five curves (M=S) and four points per curve (N=4), the total 
points to be entered would be M*N=5*4=20, but would require NP=2*N*(M-l) 
=2*4*(5-1)=32 points of storage (four words per point). These points would 
be stored in th; :o:lowing manner (a given point is PMN): P

11
, P

21
; P

12
. 

p22; pl3' p23; p44' p54' 

c 
c 
c 
c 

The statements 

STORE NU~BEA OF POINTS STORED FOR ARS AND INITIALIZE LOCATION 
FOR STORING NUMBE~ OF HITS FOR SHOT~INE 

MASTERCLBOTl•NP 
MASTERCLBOT•l)•O 

are used to store the number of points stored (NP=2*N*(M-l)) in the first 
storage word of the given ARS data section, and to initialize the second 
storage word to zero. This second storage word will be later utilized by 
Subroutine ARS to store the number of hits on the given ARS for a given shot­
line . 
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The statements 

ELTMINATE DEGENERATE TRIANGLES fOR GIVEN ARS OAT~ 

NTaNP•? 
WRnE <lt•9051NT 
LlsLBOT+82 
L2sll+4*!NT-ll 

are used to compute and print out the number of triangles described by the 
points for the given ARS. The beginning location of the point data is stored 
in 11 and the first point of the last triangle is stored in L2 for use as 
lower and upper limits in the following DO loop for eliminating degenerate 
triangles in the given ARS. 

The statements 

on 3So LsLt•L2•• 
ill(l l•ASTER!Ll 
WI;:JizASTEA(L+ll 
'•HJ)aASTEA<L•2l 
UWCli•ASTE~(L•4I•W!ll 
Uw(2)aASTERIL+5)•W(2l 
Uwc31•AST£R(l•bl-~t31 
VwCllaASTE~IL+~I·Will 
VWC2ltASTER<L•91•WI2l 
VW())zASTfQ(l•lOI-~(11 

CALL CROSS<wN,UWtVW) 
Jf!OOT(wN,WN) .GT.OoOOOliGOTO 350 
NT:NT-1 
AST(R(L•Jl =·l.O 

lSO CONTINUE. 

are used Lu check each consecutive three points to deteil!line if they form a 
non-degenerate triangle or a degenerate triangle. This is accomplished by 
computing two vectors from the second and third points to the first point and 
computing the cross product of these two vectors. If the dot product of the 
resultant vector is zero, the three points formed a degenerate triangle, and 
the number of described triangles in the given ARS is reduced by one, and a 
negative one is placed in the fourth word of the first point of the three given 
points. If the dot product is greater than one, the three given points form 
a non-degenerate triangle. The next consecutive three points are then con­
sidered . 
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c 

The statements 

"RITEibo90b)NT 
w"tTE!6•90J) 
RE.TURN 
END 

are used to print out the number of non-degenerate triangles in the given ARS, 
and then to skip a line in the printout. Control is then returned to Sub­
routine GENI. 
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Subroutine SEE3(IWH,ASTER ,MASTER , FX, FXX,FXXX,LBOT,LDATA,NDQ,LS1) 

Subroutine SEE3 is called by Subrou tine GENI or ALBERT during the input 
processing phase of the MAGIC program. The routine accepts either triplets 
or'scalars and places them in the ASTER array. A search is first performed 
through the triplet/scalar data section to de t ermine if the triplet or scalar 
already appears in the ASTER array. If so, the data will not be stored again, 
and location IWH of the data is returned to the calling program. If the trip­
let or scal ar does not already appear, it is added to the ASTER array, and 
location IWH of the data in the array is returned to the calling program. The 
triplet or scalar data are passed to this routine through arguments FX, FXX, 
and FXXX. Argument LSI denotes whether arguments FX, FXX, and FXXX contain 
triplet or scalar data. If LSl is equal to zero, triplet data is being passed . 
If LSI is equal to one, scalar data is being passed . 

'!'he statement 

is used to dimension the MASTER and ASTER arrays. 

The statement 

c_ s C\ TEST TO DETER~IN[ I' TR IP~ET OR CA~AA DATA 
c 

is used to test argument LSl to deter mine if triplet or scalar data are being 
passed to this subroutine. LSl : 1 indicates scalar data. LSl = 0 indicates 
triplet data. 

The statements 

c 
C~ EXECUTE I' TRI PLET DATA 
c 

IF CLBOT,GT, NOQ)GOTO 20 
Nn02•NOO•l 

are executed if triplet data is being passed to this subroutine. If the begin­
ning location of the triplet/scalar data is greater than the end of thP. ASTER 
array , control is passed to store the triplet data passed through the argument 
list. If the beginning location of t he tripl et/scalar data is less t han the end 
of the ASTER array , the upper l imit of the following DO loop is computed to be 
two locations less than the end of the ASTER array. 
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The statements 

c C, S!A~CW ,OA [QUAL TAIPL[T IN TW£ ASTlR &AAAY 
c 

00 10 I•LBOTt~DQl 
IFC&STEPClloN[,,X)GOTO 10 
tr<aSTEACI•lloHEo,XXIGOTO lO 
tF(ASTr,RCI•zi.NE,,lXXIGOTO 10 
JWH•I 
A! TURN 

\~ cnNTINU£ 

consis ~ of a DO loop whi ch is used to sear ch the triplet/scalar data already 
in the ASTER array to determine if three succeeding quantities , equal to the 
triplet passed through the argument list, can be located. If so , the beginning 
location of the triplet is equated to pointer I{YH, and control is returned to 
the calling progr am. 

The statements 

c 
C4 STOA£ TAlP~ET PA$5£0 8Y &AGUM(NT ~IST 
c 

20 ASTEA CL80T•li•FXXI 
aST[A(L80T•ZI•FXX 
ASTEAILBOT•JI•'X 
L80T•~BOT•1 
rww•~BOT 
f'ILBOTtLEoLDATAIWAlTE 16•lOIL80TtLD&TA 
RETURN 

are executed if an equal triplet already in the ASTER array could not be found . 
These statements therefore store the triplet from the argument list backwards 
from the beginning of the triplet/scalar data already in storage. The begin­
ning of the triplet/scalar data is updated to include the new data . The loca­
tion of the triplet data is equaled to pointer IWH to be passed back to the 
calling program. If the triplet/scalar data overlaps the body data pointer 
section , a message with the value of the pointers of the two sections is 
printed. 

c 

The statement 

lO '"R~ATI1"0 •22W"EMORY OVERLAP IN SEEle!Xt5HL80T•• I)t• 
1 ~X •6HLOAT&••ItOI 
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is used to format the message and da t a to be written out if the body data 

pointer section overlaps the triplet/scalar data section. 

The statements 

~' [ X[CUTE I' SCALAR QUANTITY 
t $[ ARCH 'OR EQUAL SCALAR QUANTITY lN T~f &STfA ARRAY 
c 

50 on 60 I•LBOT ,~OQ 
I'C4STERCI ) oN[o,XIGOTO 60 
t •~•I 
RETURN 

60 cnNTlNUE 

are executed if scalar data is being passed to this subroutine . These state­

ments consist of a DO loop which is used to search the triplet/scalar data 

already in the ASTER array to determine if an equal scalar value can be located . 

If so , the location of the equal scalar quantity is equated to pointer IWH, and 

control is returned to t he calling program. 

c 
c~ 
c 

The statements 

STORE SCALAR QUANTITY PASSED BY AAQ~~ENT LIST 

l5T!RCL80T•l)•'l 
LeOT•LeOT•t 
twH•LBOT 
RETURN 

are executed if an equal scalar quantity could not be found. These statements 
t her efore store the scalar from the argument list backwards from the beginning 

of t he triplet/scalar data already in storage. The location of the scalar is 

equated to pointer IWH to be passed back to the calling program. The beginning 

location of the triplet/scalar data is also updated to include the new data. 
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Subroutine GRID 

Subroutine GRID is the main control program for tracking a ray through 
the geometry. It is called by the main control program of MAGIC and controls 
all of the input and processing for a single attack plane after reading in 
data and generating the attack plane at the given angle of attack. This 
plane is divided into a grid of square cells , with each cell acting as the 
point of origin of one ray. The tracing of each ray from the grid through 
the vehicle geometry is accomplished by Subroutine TRACK. Subroutine GRID 
therefore calls Subroutine TRACK once for each ray after Subroutine GRID 
has defined the ray. 

The statements 

DIMENSION WPCJI 
C0MM0N/PAREM/X8fJ)tW8fJi t lR 
COMMON/GEOM/LBASE,RINeAOUTeLRitLRO,PIN,,lEARtOIST 
cOMMON/UNCG[M/NRPPt NTRIPtNSCALtNBOofeNAM&~ •LTRIPtLSC&Lt~AEGO• 

1 LOATAtLAlNtLAOTeLIOeL0COAtl15•1Jo•L800YtNASC t~LOO~ 
cOMMON/GTRacKIOl•02tK~!TtLMAXtTRC200itXBSCJ)tiAIYATti[NCt 

1 lTR(ZOOitCAtC[tSAtS( 
cOMMON/CALINlRtSLOStANBLEtNTYP[tSSPAC[tLtXSC)It•Scl)t 

1 TRa¥EL tSNtVtH•IVIM 
C0MMON/.ALT/LlAFOtNG1ERR 
COMMON/~OYT/VR[FtHRE' 
COMMON/CELL/CELSIZ 
cnHMON/CONTAL/I TESTOt 1AAY5K ti[NT~¥tlYOLUHtlW0Ttl T&Pt8eNOtlYES 

dimension a three-element array for the isotropic direction cosines result­
ing from a call to Subroutine TROPIC and pass information into and out of 
this subroutine via the COMMON statements. 

c 

The statements 

901 FOAMATf8llOI 
9o2 ,ORM&TC6E lZ•B I 
90~ F~RMATClHOtZHNXti5•5XezHNYel5tSXt7HIRSTAATtlS,5Xt4HIENCtl5t5Xe 

1 6HNSTaATtl6t5X•4HN[NOtl6t5Xt9HtELL SIZEtFTtZI/ 
2 17H DATUH LINE AT Z••F10•3•Z7H ~ITH RESPtcT TO THE ORIGIN/ 
3 l7H GAOU~O IS AT Z•ertOelt27H WJTH RESPEcT to THE ORIGIN/ 
4 lTH XSHl,T IS aT X••F10•l•27H WJTH RESPEcT To THf OAIBINI 
5 l7H YSMIFT IS aT Y•tFlO•lt~TH •ITH RESPEcT To THE ORIGIN/) 
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904 FOR~ATilH t7HAZIMUTHt~l2•St5lttHfLfVATlONtfl2•5•5lt 
l lJ~BACK OFf OtSTtFl2•5l 

tO' FOA~AT12E20t8t4ElO•ll 
toT 'nRMATitHO•l5tl5H C[LLS SKlPP[Ol 
t 08 FORMAT!\HOt42HOPTION SET TO CQMPV T[ RANDOM P01NT tN CfLl) 
90~ FnRMATilH0•35HOPTtO~ SET TO CHOOSE CENTEq OF CELLl 

are used to format the grid input parameters for entering and printing out 
and to format output messages. 

The statements 

REA01 5t9 0 l iN~ tNYtiRSTRTtl[NC t NG lEHRtNSTARTtNEN0• 1CENTR 
R~AO l5t9021AtEtENGTHeZSHIFTtGAOUNO 
REAO 1!•to2 1XSM1FT•YSHIFT•cELSIZ 

are used to enter the grid input parameters. Note: it is preferred that 
both NX and NY always be odd. 

The statements 

~' INITIALIZE PARAMETERS NOT SET BY INPUT 
c 

t~IIRSTRT .LEoOilASTRT•l 
tFICEL!lZ oLEo Oo lCELSIZ•4• 
tFINSTaRT,LEoO)NST&AT•l 
IFlNEND•LEoNSTARTINENO•NX•NY 
l~lNGl!RR,LEoO)NGtERA•25 

initialize the starting region number, the cell size, the cell number in 
which ray tracing is to begin, the number of t h e last cell, and the limit 
of errors allowed i n Subroutine Gl if these input parameters were not 
initialized in the previous read statements . 

c 
C] 
c 

The statements 

PAINT OUT INPUT PaRaMETERS 

WAITE c6,90]JNl,NY,tASTRT, lENC,NSTAAT,NEND,CELSlZ, 
1 ZSHtFTtGAOUNDtlS~l,TtYSHl'T 
t'li~OT•EQ,IY!SlWAIT[f1•905lAt[eXSHl,TeYS~l,TtZSHI,T•cE~SIZ 
~RITE (6t90~)AtEt!NOTH 
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print out the input par ameters . The variable IWOT is compared with IYES 
(IYES is set by program MAIN). If IWOT is not equal to one, the azimuth, 
the elevation, the coordinates of the center of the target , and the cell 
size are written out on tape 1. If IWOT is e qual to zero, no writing 
occurs on tape 1. 

The statements 

l~C lC£N TA. £Q . oi ~Rt TEih t 9Q8 ) 
IF liCENTA.N£,oi WAITE C6 t909 ) 

are used to wri t e out a message giving the origin of the ray from the cell 
(random or center). 

The statements 

AADIAN••Ol7453292!19943 
aA•a•AaOlAN 
!A•!•AaOhN 

set the variable RADI AN to equal one degree expressed in radians and con­
vert the azimuth and elevation angles to radians. 

The statements 

Sa•SINURI 
CA•COSlAAI 
SE•SINCEAI 
Ct•COSCEAI 

are used to compute the sine and cosine of the azimuth and elevation angles. 

The statements 

c 
C PROCESS ~END•NST aPT• l CEL LS 
c 

begin a loop to process each ray in the grid plane beginning with the first 
cell where the ray tracing is to begin (usually cell number one) and ending 
with the last cell in the grid plane (usually NX •NY) . 

The statements 

c 
C4 COMPUT! DIA!CTION COSINES O' AAY 
c 

4 "8(1) •-CE*CA 
WACzl•-c£•sa 
WBCJ•••SE 
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comput e the direction cosines for a ray perpendicular to the gr id plane and 

directed toward the target geometry. 

The statements 

e, COMPUT[ ROW AND COLUMN NUM8[A or GAlO CELL 

lle( (KK•lt/NX) • l 
J•KK• CI I•li • Nx 

are used to compute the row number {II) and the column number {J) of a 

specific grid square from which a ray is to be started towar d the target 

geometry . 

c 

The statements 

CELL2•.s•CELS IZ 
V•,LOATC lNYIZ)•II >•CELSIZ •C£LLZ 
VREF'•V•C£L.L2 
H•FLOATClNX/21 • JI . CELSlZ •C£LLZ 
HAEF'•H•C!LLZ 

are used to locate the lower left corner of the grid square. V represents 

the vertical distance from the center of the grid plane and H represents the 

horizontal distance. The variables VREF and HREF refer to the center of 

the specified grid square. 

The statements 

l FCl CENTR. [Q . ol GOTO 5 
H•HAE F' 
V•VREF 
IV111•0 
G()TO 6 

are used to set the ray origin from the cell to the center of the cell if the 

control variable, ICENTR, is other than zero. The program then branches 

around the section for computing a random origin within the cell. 

237 



TN 4565- 3- 71 Vol II 

The stat ements 

are used t o calcul a t e two random numbers between zero and nine . A two-digit random number is also calculated f or printout by Subroutine TRACK. 

The s t atements 

c 
C6 COMPUTE RANDOM POINT WITHIN GAJO C[~~ c 

V•V•CELSIZ •FLOATCI VI / lOe•CELSIZ 120, H•H•CELSIZ •FLOAT IIHI I lO••CELStZ 120• 

locate a r andom point in the gr id cell previous l y specified by variables II and J. There are 100 possible random points in the grid cell. 

The statements 

c 
C1 CONV[ RT GRID PLANE COOAOtNATES TO COORDINATES Of TARGET c 

6 XBS (li •X SH IFT-V•CA•SE·H•SA 
XsSizi • YSHJFT•V•Sa•SE•H•CA 
X9Sl31•ZSHJFT•V•CE 

a r e used to transform the point within the current grid cell into the coordinate system of the targe t and , at the same time, to effectively move the grid plane and targe t system coordinat e origins to a new location specified by the var iables XSHIFT , YSHIFT, and ZSRIFT . 

The statement 

CALL TROPJc l WP) 

calls Subr outine TROPIC to generate random direction cosines (WP) from an isotropic distribution . 
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KBSCli•XBS !ti+WP CtJ•l• OI•• 
K9S C21•XBS Cz i ••PC21 • l• OE•• 
X~SCJI•XBS C 31•WPCJI*l• OE•• 
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are used to move the randomly selected point by a very small amount in a 

r andom direction. 

The statements 

c 
CA BACK OFF RA Y ORIGt~ ,RO~ GAlO PLAH[ TO ATTAC~ PLANl 

c 
K9 111•X8S ( li•ENGTH•~8Cl J 
l8C2 1•XBSizi•ENGTH*WBCzl 
XBCJI•XBSC]I•!NGTH*wB Cll 

a r e used to back out the origin of the ray from the target by an amount 
specified by the variable ENGTH. The ray from this starting point will pass 

t hrough the coor dinates XRS computed above. 

The statement 

IFC~BC3l • L~ . GROU~O>GO T O 40 

determines if the origin of the r ay is below the Z coordinat e of the ground. 

Rays will not be traced if their origin is below ground level. 

The statements 

c 
C9 $&~( R& Y ORI01N &NO OlRECTJON COSINES 0' RAY ,OR LAfEA A[,EAENCE 
c 

00 lO Kl(l•ltl 
XS CKt< l I •XB CI<Kll 
W$ CKKl >•WB Cl<l< l l 

20 cnNTINUE 
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consist of a DO loop which preserves the x. y . and z coordinates of the origin of ray XB, and the x, y , and z coordinates of the direction cosines of ray ~. Therefore, any subsequent subroutine can find the starting point and direction cosines of the ray in locations XS and SW, respectively. 

The statement 

calls Subroutine TRACK to coordinate all the processing for a ray until it emerges from t he far side of the vehicle and provides the calculated output for each ray. Control will not return to Subroutine GRID until calculations and outputs of results are complete for the current grid square. 

The statement 

tests to dete~ne if the maximum allowable number of errors had occurred in Subroutine Gl; if so, control is returned to the MAIN program. 

The stat ement 

tests to determine if all grid cells are to be processed or if a random number of cells are to be skipped. The variable IRAYSK is compared to the variaDle NO (NO=O); if equal, no grid cells are to be skipped, and control is returned to the beginning of the DO loop to process the next cell/ray. 

The statements 

glO COMPUT[ RANDOM NUHI(A 0' CEL~S CO•IS) TO B[ IKIPP!O 
c 

~SHlfT•AANl•l)•25. 
WAJT[ C6t907)MSHI'T 
~K•KK•M!Hl,T 
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are used to compute a random number between 0 and 24 for the random number 
of cells to be skipped . This value is printed out, and the index of the 
loop is increased by the number of cells to be skipped. 

The statements 

40 KKsKK•l 
lFCKKoLEoNENOlGOTO 4 
q(TURN 
END 

pass the control back to the beginning of the loop until the number of cells 
to be processed is reached. When all cells are processed, control is returned 
to the MAIN program. 
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Subroutine TRACK 

Subroutine TRACK has the function of accepting grid coordinates from Sub­
routine GRID and initializing the "firing" of a ray. It follows the ray 
through all points of contact, records the pertinent data, and punches both 
the identification and the data cards for each ray for subsequent use in 
vulnerability analysis studies. This output consists of the line-of-sight 
thickness of each geometric region traversed by the ray, the obliquity (or 
angle of incidence) of the ray with respect to each intersect encountered, 
and the normal or perpendicular distance through the region following the 
intersect. 

The statements 

DIMENSION XPC)It[AROR<zl 
C0MM0NiPAAE~IXB<])tW8C]ItlA 
eOMMON/GEOM/LBAS[tAlNtAOUTt~AttLAOtPJN,tlEAAtQIST 
cOMMON/UNCGEM/NRPPtNTRJPtNScALtN80D~tNRMAltLTAJPtL5CALt~A£QD• 

1 LD4TAtLA!NtLAOTeL10tLOCDAtll5tl)O•LB00YtNASCtKLOOP 
cOMMON/OTRAcKIDl•OZ•KMJTt~MAltTACzoOJtl&SCJ)tJASTATtJfNCt 

1 ITRizOOltCAtCE t SAtSE 
COMMONICAL/NIAeSLOStANO~EtNTYP[tSSPACEt~tlS(J)tWS(JltTRAVfLt 

1 SNtVtMtllflH 
COMMON/CONTRL/lTE5TGtlRAVSKelENTLVtiVOLUMtlW0TtlTAPEitNOtiY[S 
cnMMON/WA~T/LIAFOeNOlEAR 
cnMMON/HOYT/VAEFtHAE' 
cOMMON/LSU/LSURF 
COMMON/CELL/C[LSIZ 
cnMMON/EAR/IERRo 

dimension a three-element array, XP, which is used to store the x , y, and z 
coordinates of the current position of a point along the ray; dimension a 
two element array, ERROR, used to store alphanumeric data; and pass infor­
mation into and out of this subroutine via the COMMON statements. 

c 

The statements 

901 FnRMATIF6eltlXt,6oltl3tllt,Te2tllt,7,Zt4latlltlX•Zl~t 
1 1XtFB•JtlXtF8ell 

9nz FOAMATC2Cl4tF1e2tF7o2•'6•1•13tFT~ZI•l~•ZlJtlltl4t.XtA6) 
903 FnR~ATIJlM NUMB[A OF INfEASECTIONS,GT,zOO) 
904 FORMATe//) ' 
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905 ,nR~ATClHOtl6HO ITEM IN CELL Ctl4tlHttl4tlHit~Xt 

1 ZHH••F6•l•~XezHV••'6 •lt 

are used to format data and message output. 

The statements 

c 
!RRnRtzl• 6~0 ITEM 
DATA ERAOR(lltERRORCZI /4H 

are used to fill location ERROR(l) with four Hollerith blanks and ERROR(2) with 

Hollerith word ITEM. 

The statements 

112•4096 
NASC••t 
tR•tASTAT 
l•l 

12 
initialize program variables. 112 is set to 2 or 4096 and is used for 

packing information into each word of the ITR array. NASC is set t o -1 to 

indicate a new ray is being started. IRis initialized to IRSTRT, the 

starting region number of the ray. L represents the number of intersections 

and is initialized to one to start the ray since i t is used as an index to 

store intersect data. 

The statements 

KHlT•O 
JCNT•o 
MSKRT•o 
MTARG•t 
MARMA•o 
MVO~ •o 

initialize KHIT (the number of components hit for this cell ); counter JCNT (the 

number of spaces encountered); skirting flag, MSKRT; armor flag, MARMR; and 

interior volume flag , MVOL, all to zero. The target flag, MTARG, i s initialized to 

one. 

243 



TN 4565-3-71 Vol II 

c 

The statements 

DO 10 t•lt200 
tTRCI)•O 
TACl)•o• 

10 CONTINUE 

consist of a DO loop which zeros two 200 element arrays, ITR and TR. ITR is used to store in packed form the surface number, the body number, and the number of the next region. TR is used to store the line-of-sight 
distance from contact to contact. 

c 
c; 
e 
c 

The statement 

SU8~0UTIN[ 01 WILL A[TUAN WITH Sl•OlSTANCE THRU A[GlON lAt tAPAI~·THE N[KT A!GlON NUMtl-t •P•tNT[AS[cT o, N~XT R!GlON 
20 CALL GlCSleiRPAIMelP) 

is used to call Subroutine Gl. Subroutine Gl is given the current region number where the ray is located, the location of the point along the ray, and the direction cosines of the ray at that point via the COMMON statement PAREM. Subroutine Gl returns to Subroutine TRACK with the distance to the next region, the number of that region, and the new position of the point along the ray. 

The statement 

tests to determine if the region number returned by Subroutine Gl is negative. If negative, an error has occurred in Subroutine Gl and control is therefore returned to Subroutine GRID. 

The statement 

stores the line-of-sight distance from the previous position of point XP to the present contact in array TR indexed by intersection counter L. 
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The statement 

adds seven to variable LSURF since the surface number (1-6) of the present 

contact could be negative if the contact is an exit intersect. This is done 

to avoi d packing a negat i ve number . 

The statements 

LOC•LlRFO• IR•l 
CALL U~2 l l0C tOU~tlDENT . 

IOf:N T•tO!:NT•l 

retrieve the space code for the region traversed for later use in this 

subroutine. 

The statement 

stores the surface number, the body number, and the number of the next region 

in array ITR indexed by the intersect number L. These three items are packed 

into one word using 12 binary bits per item. 

The statements 

IF C~ASC•lE eNRPP) !RPRI~•O 

tF itRPRlMe£0 eO) GOT0 100 
tR•tRPR IH 
t<~oetT•KH I T• t 

are used to test the body number of the present intersect against the 

highest RPP number since the target geometry and ray origin are con­

tained in the highest numbered RPP; all other body numbers have higher 

identification numbers. If the present intersect occurs at an RPP, the 

next region identifier, IRPRIM, is set to zero. If IRPRIM is set to zero, 

the end of the ray has been reached~ and control is transferred 
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to r ecord the results of the ray . If the present intersect is not an RPP, 
the present region variable is upda ted to the new region number in prepara­
tion for continuing the ray , and the number of components hit along the ray, 
KHITS, is increment ed by one. 

The statements 

c 
C~ COMPU T! DIST ANCE FROM BAlD P~AN£ TO ' lAST INTERSECT Of TAAG!T c 

01•- ( (XP(l i-XBSilii*WSil l + IX PI 21-XBS I2 11 •WSC21 
1 + (XPI3 1-XBSI3 11•WSI3 1l 

GOTO 60 

are used to determine if the current intersect is the first intersect along 
the ray. If it is, the distance along the ray path from the intersect to 
the original point on the grid plane (before back-off) is computed . This 
distance is positive if the intersect occurs on the front side of the grid 
plane, or negative if the intersect occurs on the back side of the grid 
plane. Control is the n transferred around the section that determines the 
space code since the i ntersect being considered is the first intersect. 

The statements 

c 
C• TEST SPACE lOENTI, lCATlON CODE 
C 0 • NO SPECIAL MATEA I &L 1o•SKIAT zo•aAMOA l O•TaAG[T 
C • 1eZ•9tl l •l9 •21•29 to oooe t91•99 • INTEAlOA ~OLUHE 
C 1 • EXTERIOR VOLUME 
c 

are used to test the space code previously unpacked from the identification 
codes section in the MASTER array. If !DENT, the space code for the region 
just traversed, is equal to zero, no special material was in the region. If 
!DENT is not equal to zero, the next IF statement tests for an !DENT code 
of 10, 20, or 30 by utilizing int eger division. 
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K~IT•K~lT•l 
lF(lOENT , NEoliMVOL•l 
G~TO 60 
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are executed if IDENT is not equal to 0, 10, 20 , or 30, which means that the 
fol l owing region is either interior volume or exterior volume . Therefore 
KHITS, the counter for tbe number of components hit along this ray , is 
decr emented by one since the present intersect i s an exit intersect into 
space . IDENT is compared with one to determine the type of space (1 = 
exterior volume) . If not equal to one, the interior volume flag , MVOL, is 
set to one. 

c 

The statements 

Sn IFClOENToEC . 20 IMARMR•l 
t FC tOENToEC,JOl ~TARG•l 
lF C lOENToEO•l Ol ~SKRT•l 

are executed if it was previ ously determined tha t the space code, IDENT, was 
equal to 10, 20, or 30 . These statements determi ne which of t he t hree values 
IDENT equals and a flag is s e t accordingly. For IDENT = 20, the a rmor flag, 
MARMR, is set to one . For IDENT = 30, the target fl a g, MTARG, i s set to one. 
For I DENT = 10, the skirt f lag , MS KRT, i s set to one . 

The statements 

60 L•L•l 
tFCLeLf•ZOol GO TO 20 
WRITE C6•QoJI 
STOP 

incr ement by one the index for arrays TR and ITR. If this index does not 
exceed 200, control is returned to locate the next intersect since there 
is room i n storage for 200 intersections per ray. If index L becomes 
greater than 200, a message is written ou t to i ndicate that mor e t han 200 
i nte r sects have occurred , and the STOP s t atemen t causes the program to be 
terminated. 
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c 
c" c 

The statements 

[NO OF ~AY OUTPUT RESULTS 

100 t~CLo£Q.li~ETUAN 
tFIITAPE8tEO•NO,ANOoiWOTtEOtNOIRE!UR~ 

begin the section for output of the results of the ray intersections and test the variable L to determine if the present ray has had any inter­sections with the target. If intersections have occurred, a test is made to determine if any results are to be either printed out (ITAPE8=1) or written out on tape 1 (IWOT~l). 

The statements 

c 
C6 CO"PUTE DISTANCE FROM OAlO PLANE TO L4ST INTERSECT 0, T4AOET t 

OlaXDI!TcXBSeAPI•Sl 
02••02 

compute the distance from the last contact on the target vehicle to the original point on the grid plane of the target (bef ore back-off). The dis­tance is computed by calling Function XDIST, which utilizes the standard distance formula 

for determining the distance between two points. The quantity in Sl is sub­tracted since this is the distance between the last contact point on the target and the outer edge of the enclosing RPP (point XP on the ray is presently at the RPP intersection) . The distance is set negative if the intersect occurs on the back side of the grid plane, or positive if the intersect occurs on the front side of the grid plane. 

The statements 

t ~ CKHI ToGT.o)GOTO 105 
I(HJT•KHlhl 
.. T.RO•o 
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are used t o determine if any components were h it along the ray. If no 

componen ts wer e hit, one i s added t o t he number of compone nts hi t variabl e, 

KHITS, s i nce the first instruction in t he next group of i nstructions sub­

tracts one from KHITS. The tar ge t flag, MTARG, is set t o zero since the 

ray missed the target. 

The statement 

is used to decrement the number of component s hit variable, KHITS , by one 

since the last int e r sect along the ray is an exit intersect of a component. 

The statements 

tH•ABS(MICELSlZ l ••S 
t'IHoLToQollH••IH 
TV•ABSIV / CELStZ 1• • 5 
IFlVoLT•O• l iV••IY 

are used to compute the grid cell number in the horizontal direction (IH) 

and in the vertical direction (IV) from the center of the gr id plane. 

c 
Cl 
c 

The statement 

OUTPUT G~lO CfLL AND T•AGET lOtNTl,ICATlON DATA 

I'tlTAPE8ofQ,N0l GOTO 110 

tests to determine if output to the printer is to be suppressed (ITAPE8=0). 

The statements 

WRITE 16•9o•l 
WAITE ( 6t90llHRE'•YAEFelVlMt0lt0ltM~KATtMTAAGtHAAMRtMVO~t 

1 KHtT•l~•lYtMtV 
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a re executed if ou t put to the pr inter is not to be suppressed (ITAPE8=1) . 
Two lines are skipped before t he cell identification data is written out. 

The s t a t ement 

110 I'ClWOTo!Q,IY!SI•RITEilt90liHA!,tVA£'tlVJHt0ltDitHSKRTt"T&ROt 1 HARHAtMVOLt~HIT•IHtlYtHtY 

tests to det ermine if cel l identification data is to be written out on the 
data output tape 1. 

The stat ement s 

c 
C~ OUTPUT RAY lNT!RS!CTtON DATA 
c 

L~• ••L 
L•O 
TRAVEL•TR i l ) 

equate variable LMAX to the index of t he last entry in arrays TR and ITR, 
set index L to 0, and store the distance travelled from the origin of the 
ray to the f i rst intersect with the target in loca tion TRAVEL. 

The stat ement 

begins a DO loop for writing out the ray int e r section data . Ray i ntersection data wi ll be written out at t wo components per line. There will be less 
than LMAX/2 lines if spaces are encountered t hrough the target. 

The statements 

JERRO•l 
L•L•l 
t~ C LeG!oLMiX)R[tURN 

set the i ndex, JERRO, for the t wo- element arr ay , ERROR, to a value of one, 
and increase index L by one to begin work on the next intersection. After 
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incrementing L 1 a test is made to determine if all int ersections have been 
pr ocessed. 

The statement 

~Q CO~PUTE DA TA OU TPUT ,OR 'IRST HAL' 0' LIN[ 

c 

is used to call Subroutine CALC to compute information for the fi r st half of 

the line of output. Subroutine CALC will compute the fo l lowing each time it 
is called: 

NIR - Region identification (vehicle component) 
SLOS - Line-of-sight distance 

ANGLE - Obliquity angle 
SN Normal distance through region 

NTYPE- Type of space after NIR (none=O, end ray 9) 
SSPACE - Line-of-sight distance through space 

If a space is encountered,Subroutine CALC will update index L . 

The statements 

t ,I Nl R, NEoolGOTO \ ll 
J£RR0•2 
IER~o•IEAA o • l 

first determine if the component code is equal to zero. If it is, then 
the index , JERRO, for the two-element array, ERROR, is set to two , and 
the counter, IERRO, for the number of zero component code er rors is 
incremented by one. 

The statement 

tests to determine if there was any space in the region . I f SSPACE is not 
equal to zero, it contains the line-of-sight distance th r ough space of the 
region. Therefore , counter JCNT, which keeps track of how many spaces are 
hit along the ray, is incremented by one . 
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The statements 

c 
C1 ~ 'AVE 04TA OUTPUT FOR 'lAST HAL' 0' ~IN[ 
c 

NIRl•NIA 
5L.05l•SL.OS 
4NOL£l•AN0L[ 
SNt•SN 
NTYPE1•NTYP£ 
S~'AC[l.SSPaC£ 

save the values r etur ned from Subroutine CALC (for later output of i nforma t ion 
on the first half of the present l ine) i n preparation for calling Subroutine 
CALC for data on the next int ersect for out pu t of the second half of the pre­
sent line of data. 

c 

The statements 

I.•L•l 
t~CLo L ToL.M4 XI OOTO 115 

increment array index L by one in prepar ation for retrieving information 
about the next intersect . A test is made to determine if the last inter­
sect has already been processed. If it has not , control is transferred to 
call Subroutine CALC. 

The statements 

NTR•O 
! LnS•o· 
. NOL[•O• 
!N•o• 
NT YPE•o 
SSPlCE•o• 
GI'ITO llO 

zero the variables cal culated by Subroutine CALC for pr intout on the second 
half of the component c ard if the last i ntersect has already been processed. 
Control is then transferr ed around the calling of Subroutine CALC. 
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The statement 

c 
C\1 COMPUTE DATE OUTPUT FOR SECOND ~A~F OF LINE 
c 

is used to call Subroutine CALC to compute information on the next intersect 
for the second half of the present line of data. 

The statements 

1'(NlR,NE.oiGOTO 117 
JERRO•z 
IF.RRo•tERRo•l 

determine if the component code is equal to zero. If it is, index JERRO 
for two-element array ERROR is set to two, and counter IERRO, representing 
the number of zero component code errors is incremented by one . 

The statements 

test for space in the region by determining if SSPACE has a value for line-of­
sight distance through space. If space was encountered, counter JCNT, which 
keeps track of how many spaces are hit along the ray, is incremented by one. 

The statement 

computes the number of components hit by subtracting the number of spaces 
encountered from the number of intersects . 
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c 
~;z 
c 
c 
c 

140 

The statements 

TEST TRACK ,LlO 
501 • TRlCK EDGE 
lf NORMAL DISTANCE 

f'(NlRleNEo5011GOTO 140 
l'CSNt,LT•tO•INJRt•50l 
tFINtR,NEeSOliOOTO 150 
l'CSN .LT•lO•INIR•!OZ 

are used to determine if either of the two regions for the present line of 
data refers to the edge of a track. If the tests result in the region being 
identified as the edge of a track, a test is made to determine if the normal 
distance for the edge of the track is less than 10 inches. If the normal 
distance is determined to be less than 10 inches, it is considered that the 
ray enters the face of the track rather than the edge, which would result 
in a 10-inch-or-greater normal thickness. 

The statements 

g;l OU TPUT RAY INTERSECTION DATA 
c 

l5n tFClWOT.EQ,IYESIWRITEil,9021NIAl,SL0St,SNl,lNGLEl,NTYDEl,SPACElt 
1 NIAtSLOStSNtANGLEtNTVPEtSSP&CEtlHtiVtN 

IFCITAPE8oEQ,tYESIWRITEC6t90ZINIA1,5L05ttSNltANGLEl•NTYPEltSP&CElt 
l NIRtSLOStSNe&NGLEtNTVP[tSSP&CEtlHtlVtNt[AROA(J[AAol 
IFIIT&PE8afQ.NO .lNO,JERROeEQ,z)wAITEc•t905)1H,IVtHAE'tY~EF 

are used to output the informat i on computed by Subroutine TRACK and Sub­
routine CALC . If IWOT is equal to one, the output is written out on tape 1 
and can be accessed directly by the AMSAA Armored Vehicle Vulnerability 
Programs . If ITAPE8 is equal to one, the output is printed out to be used 
for error checking. If the printer is suppressed but variable JERRO is equal 
to two, indicating that a zer o component code error occurred, grid cell 
coordinate data is written out. 

The statements 

c 
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test to determine if all of the data in the TR and ITR arrays have been 
processed, or if NTYPE indicates that the ray has left the RPP containing 
the vehicle. If either condition is true, control is returned to Sub­
routine GRID. If neither condition is true, control is returned to the 
beginning of the DO loop to process the data for the next ray intersection. 
At the completion of the DO loop, control is returned to Subroutine GRID . 
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Subroutine CALC 

Subroutine CALC is called by Subroutine TRACK to compute the normal 
distance and the angle of obliquity for each region that the ray passes 
through. Subroutine TRACK calls Subroutine CALC to perform these calcula-
tions after the ray has passed through all of the target geometry. Subroutine 
CALC also assigns a 9, ·indicating termination of the ray, to the space following 
the RPP containing the target geometry, 

The s ta temen ts 

0 1MENS JON XP I 3 l • TF "'P (J l • TEI'IP 1 I Jl • TE~ () J t TE"' 1 Ill t ""'I 0 131 , I EMP 14 l , 
l WN()ltWI f3ltW.I]ltXl ()) ,.,.F I,J) ti/F Cl) 
OIMENStON MASTERitOOOOI 
CO,..~ON ~STE~IlOOOOl 
enMMON/PAR!M/XBIJltWBC]ltlR 
C~MI'ION/G[OM/LBAS!tRINtAOUTtLRitLMO,PJN,tllAAtOlST 
cnM~ON/UNCOEM/N~PPtNTRIPtNSCA~tNB001tNAMAXtLTRJP~~SCALtLA!GDt 

l LOATAtLRINtLROTtLI0tL0CDA•It!•llO'L800YtNASctKLOOP 
cnMM0NtGTRACKIOltD2•KHITtLMAXtTR<200itXBSCJ)eJRSTATtiENCt 

1 ITRizOOl•CAtC!•!AtSE 
cnMMON/CAL/NIRtSLOSeANGL[tNTYPEtSSPACftLtXS(JltWStJltTAAVELt 

l SNtVeHtiVI.,. 
cOMMON/WALT/LIR,OtNGl!RA 

are used to dimension arrays and to pass information into and out of this 
subroutine. 

The statement 

EQUtVALENC[INASTERtA5T[RJ 

is used to set the MASTER array equivalent to the ASTER array. 

The statement 

is used to declare the three-element array NF(3) as a real variable. 
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The s t atements 

90l FORMATClHOtl5HTHATS ALL FOLKS//) 
902 FnRMATClHOtl7HBAD ITYP! IN CALCt5Xt6HITYP£•t15t4HN80•tl~/ 

1 l6H RETURN TO TRACK//) -
90! FORMATClHOtZJHARS DID NOT FIND NORMAL) 
904 F~AMATCIISH NOAN/!H NIA•• IJOt5Xt6HI!YP£••110tSXt4HNBO•tllOt5Xt 

1 6HLSUAF•tll014H WB••J£20ol014H •S•el£20ol014H lP•tlEZOtll 
_2 4H XB••lf20•l014H Xl•t3E20•lOI6H lNOS•tJE20olO r 

905 FnR~ATCJ5H ERROR IN CALC a TAC HAS Al • RZ ) 
9 n6 FnR~aTC4zH ERROR tN CaLC BAD LSUAF FOR sOX OR RAW I 

ar e used to format dat a and message ou t pu t . 

The statements 

c c; RET RI EVE FOR PRESENT IN TERSECT THE SURFACE NUMBER, 
C BOOY NUMSERt &NO NE XT RfGION 
e 

CALL OPENK C Lt LSUA~tNBOtNIR t 

t'INIR. GTo OI GOTO 10 
wqi TE <~•901) 
A[ TURN 

are used to first call Subroutine OPENK to unpack three items of informat ion 
(surface number, body number, and the region number following the present 
intersect) about the present intersect, L, from the ITR array established by 
Subroutine TRACK. The region number following the present intersect is tested 
for a value of zero since zero was assigned to the region outside of the RPP 
containing the tar get geometry . If the region number is greater than zer o, 
Subroutine CALC is continued. If not , a l l computations for th e present r ay 
have been completed. Therefore , a message i s pr inted stat ing t his fact, 
and control is returned to Subroutine TRACK. 

c 
c, 
c 
c 
c 

The statements 

TRAVEL • LINE•OF•SIGHT DlSTANC[ TO THIS A[~ION 
SLOS • LlNE•OF•SlGHT DIStANCE THROUGH THlS REGION 
Xt • COO~OINATES OF 1Nf[ASECT PO l NT 

cn~PUTE 

10 SLOS•TR<L•ll 
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~0 20 1•1•3 
Xtiii•XSIII+TR&VEL••Sctt 

zo CONTINUE 
TRAVEL•TRAV!L+SLOS 
LSUAF•LSURF•? 

are used to retrieve the line-of-sight distance through the region following 
the present intersect. The DO loop updates the contact point coordinates 
from the origin of the ray to the present intersect position. The distance, 
TRAVEL, is updated by adding the line-of-sight distance through the region 
following the present intersect. Seven is subtracted from the surface 
number, LSURF , as unpacked by Subroutine OPENK, since seven was added 
before LSURF was packed by Subroutine TRACK to avoid packing a negative 
number. 

The statements 

c 
Cl S!T THE CONSTANT ~ULTIPLlER OF THE ~IA£CTION COSINES OF NORMAL 
C TO •1 FOR ENTRY OR •l FOR EllT 
c 

XNOS•l. 
IFCLSUAFeLTeOIXNOS••l• 

set the variable XNOS to a +1 or -1 depending upon the sign of LSURF. XNOS 
is a constant multiplier of the direction cosines which is used to direct 
the computed normal into the body if an entry intersect and away from the 
body if an exit intersect. 

The statements 

t 
t• RETRIEVE BODY JYP! •NO LOCATION OF DATA FOR INTERSECTED BODY c 

LOC•LBODY•l•CNBO•ll 
CALL UNZCLOCtiTYP[tLOATAl 

are used to r etrieve the body type and the location of other descriptive body 
data for the body where ~he present intersect occurs. 

The statements 

LSUAF•IA85(LSURF J 
ITYP£•!TYPE•l 
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are used to obtain the absolute value of the intersect surface number for 
use in the body routines. One is added to the variable !TYPE to avoid 
a zero ITYPE in the computed GOTO statements . If the variable ITYPE is 
equal to l to 12 , control is passed to the corr ect body routine. I f not, 
an error has occurred and an error message along with error data is printed 
out before returning to the calling program, Subroutine TRACK . 

The statement 

e 
C~ TA&NSF[R TO SPECIFIC 80DY SECTION TO COMPUTE DIRECTION 
C COSI NES OF NORMAL 
c 
C APP BOX SPH RCC REC TRC ELL RAW ARB TEC TOR AAS 

30 GOTO C50tl00•1S0•200t200tlOO•J50t400••SoeS00,550t~OO)•lTYPE 

t r ansfers control , according to the body type of the intersect being con­

sidered, to find the normal of the body. 

The statements 

c 
C~ C~£CK T~E SP.CE CODE AND lTE~ CODE OF THE NEXT REGION 
c 

40 CALL OP£NKCL•l,OUM,OUM 1 NEXREGl 
ISPOT•LIRFO•NE~REG•l 
CALL UNZCISPOTtOUMtiOENTJ 
tSPOT•LlAFO•NIA•l 
CALL UN Z! ISPOTt NIRt OUM) 
tDENT•IOENT•l 

a r e used to r etrieve the space code of the region following the next intersect, 
and also to retrieve the item or component code of the region following the 

present intersect. One is subtracted from the space code , IDENT, because a one 

was added when IDENT was originally packed in the MAIN program . 
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The s t atemen ts 

IFCIDENT•ft O!NTilOI•lOtNEeO IGOTO •1 
NTYPE•o 
55P4CE•O• 
A! TURN 

test the space code of the region followi ng the next inter sect to determine 
if it has a speci al identification (10, 20, 30, · · · 80, 90). If the 
material has a special identification, NTYPE, the type of space following 
the next intersect, and SSPACE, t he line- of-sight distance through space 
following the present intersect,are set to zer o, and control is returned 
to Subroutine TRACK. 

The statements 

4 1 L•l• l 
l' CL•t .LT tLMAXIOOTO 42 

are executed if the region fo l lowing the nex t intersect is space. The 
program increments to this next intersect and tests to determine if it is 
the intersect with the enclosing RPP. 

The statements 

I DENT•9 
5SP4CE• l• OE•t 
NTYP!•lO[NT 
A~ TURN 

are executed if the program is now at the intersect with the RPP. IDENT, 
the space code of the space following thi s final i ntersect, and NTYPE, the 
type of space following this final intersect, are both set to 9 to indicate 
the end of the ray. The line-of-sight distance, SSPACE, through the space 
prior to the intersect with the RPP is set to slightly above zero so that 
Subroutine TRACK will coun~ this last space as one of the spaces encountered 
along the ray. 

The stat ements 

6l NTYPE•I DENT 
SSP&C!•TACL.•l l 
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are executed if the next inter sect is not the last intersect along the ray. 

The space code of the region following this next intersect is stored in 

NTYPE (the type of space of the region following the next intersect), the 

distance th rough the space of the region following the present intersect is 

retrieved from the TR array of Subroutine TRACK, and the line-of-sight dis­

tance to the next intersect is computed before returning to Subroutine TRACK . 

The statements 

c 
CT RPP SECTION FOR COMPUTING THE DlAEC!ION COSIN[S 0' TH! ~OAHAL 

e 
SO WBI U• o.o 

wBc2 >•n. o 
w~nl•o.o 
GnT01St•52 t S3 t5~t5St56l tLSUU~ 

51 wR(l)•XNOS 
GOTO lnO O 

52 ~H ( ll•-XNOS 

GOTO tnno 
c;3 ~R12l •)(NQS 

GMO 1000 
~4- w81 2l•·KNOS 

Gn'fo tn oo 
55 WR13l•XNO S 

GOTO 1000 
56 1118 IJl••XNOS 

Gnro 1noo 

are used to initialize to zero all three coordinates of the direction cosines, 

WB, for the normal. The coordinate for the specific direction cosine is then 

set depending upon which face of the RPP was intersected. The other two 

coordinate values of the direction cosines will remain at zero since the 

bounding planes are parallel to the coordinate axes . 

The statements 

c 
CA BOX SECTION 'OR COMPUTING THE OlAEC!lON COSINES 0' THE NORMAL 

c 
100 cnNTINUE 

KCOM•LSUAF•ILSUAF1Zl•2 
I'IKCOMt[Q,olXNOS••XNOS 

are used to determine if the intersected surface of the box is odd or even, 

and change the sign of XNOS, the constant multiplier of the direction cosines , 

if the sur face number is even. This is done since the even numbe r ed sides 

are at the ends of the length vectors, and the direction of the normal is 

determined from the dir ection of the particular length vector. The direction 

of the normal is directed such that the angle between the direction of the 
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ray and the direction of the normal is less than 90 degrees. This means 
that the normal di rection is into the body for an entry intersect and away 
from t he body for an exit intersect. 

The statements 

l,CLSURF•3)104tlOJ•l05 
103 1•1 

GOTO 110 
104 t•2 

OOTO 110 
10! I'CLSUR'•LT.5l GOTO lOl 

1•3 

set an index, I, according to the side number o f t he intersect such that 1=2 
for sides one or two, 1=1 for sides t hree or four, and 1=3 for sides five or 
six . This index is used to retrieve the coordinates from the ASTER array of 
the desired length vector . 

The statements 

110 CALL UNzCLOATA•lf~PC41elEMPCtl1 
l.DATA•LDATA•l 
CALL UN21LOATAtl£MPCzl•lEMPCJII 

are used to retrieve and unpack the poi nters to the location of the coordinates 
of the vertex ar.d length vectors in the ASTER array. ~ 

115 

The statements 

DO 115 J•l•3 
l.H• IflotP ( l) 
l.V•IEMPC41 
M•J•l 
IJK•LM•M 
IJKl•l.V•M 
T!MP(JI•AST[RClJKI•aST[MCIJKll 
llli<•J•l•I!MPCt.l 
TEMPICJ>•AST£RCMKl 
CONT IIIUE 

consis t of a DO loop which retrievesfrom the ASTER array the coordinates of 
the vertex, TEMP!, and the coordinates of the end o f the desired length vector, 
TEMP. 

The statements 

CALL 0C05PCTEMPtt T!MP,~91 
on 120 J•l•l 
w~CJI•XNOS•~BCJ) 

120 cnNTlNUE 
OOTO 1000 

compute the direction of the normal using Subroutine DCOSP. The DO loop 
multiplies the directi on of the normal by the constant multiplier, XNOS, s uch 
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that the direction of the normal is into the box for an entry intersect a nd 

away from the box for an exi t intersect. 

The statement 

c 
CQ SPH S[CTION FOR COMPUTING THE DIR[C1JON COSINES o, THE NORMAL 

c 

is used to retrieve and unpack the pointer t o the location of the coordinates 

of the center of the sphere in the ASTER array. 

The statements 

on 160 1•1•3 
M•l•l•l ll 
TOI C 11 eaSTER 0'11 

160 CONTINUE 

consist of a DO loop \vhich retrieves from the ASTER array the coordinates of 

the center of the sphere. 

The statement 

C4LL DCOSPCXl•TE~eWBI 

is used to call Subroutine DCOSP to compute the direction cosines of the 

normal f r om the intersect point to the center of the sphere. 

The statements 

oo no I•ltJ 
w~CII•~NOS*WB(Il 

170 CONTINUE 
G~TO 1000 

are used to direct the normal such that it is into the sphere for an entry 

intersect and away from the sphere for an exit intersect. 
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The statements 

c 
CtO RCC AND REC SECTION ,OR COMPUTING DlRICTION COSJ~[$ 0, NORMAL 
C 'OR AN INTERSECT wiTH EITH[A PLANAR SUR,&CI 
c 

200 1FC~SUR,•2)20Z,20lt210 
zoi KNOS .. l(NOS 

are used to determine which surface of the right circular cylinder or right 
elliptic cylinder has been intersected and to change the sign of XNOS, the con­
stant multiplier of the direction cosines, if the intersected surface is the 
top planar surface. 

The statement 

begins the section for computing the direction of the normal for an intersect 
with either planar surface of an RCC or REC. This statement retrieves and 
unpacks the pointers to the location of the coordinates of the vertex and 
height vector in the ASTER array, 

The statement.s 

00 203 1•1•3 
"4•1•1 
IJI<t•to4•LV1 
IJI<2•M•l.YZ 
TEMCI)a&STEACIJKll 
T£MtCl l•&STEA II JK 1••aST[RCIJKz• 

203 CONTINUE 

consist of a DO loop which retrieves from the ASTER array the coordinates of 
the vertex, TEM, and the coordinates of the end of the height vector , TEMl . 

The s ta temen t 
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is used to call Subroutine DCOSP to compute the direction cosines of the height 
vector (the normal fo r an intersect with one of t he planar surfaces). 

The statements 

on zo• I•ltl 
WACtl•-NOS•WB Cll 

204 cONTINUE 
aoTo 1ooo 

are used to direct the normal of the intersected planar surface such that its 
direction is i n to the RCC or REC for an entry intersect and away from the 
RCC or REC for an exit intersect. 

The statements 

c Ctl RCC AND REC SECTION FOR PROJECTl~G lNTEASlCT ONTO ~EIGHT VECTOR 
C 'ROM TME QUADRATIC SUR,ACE 
c 

210 CALL UN2(~DATAtLV.LH) 
LRt•MASTERC LDATA•tl 

begin the section for computing the direction of the normal for an intersect 
with the quadratic surface of the RCC or REC. These statements retrieve and 
unpack the pointers to the location of the coordinates of the vertex and 
height vector and the pointer to the location of the radius in the ASTER 

array. 

The statements 

211 

00 211 J•l•l 
M•J•l 
IJK•LV•M 
T!MIJl•ASTEAClJK) 
IJKt•LM•M 
TEMt(J)••STEA(lJKI•ASTEAilJK~) 
CONfiNUE 

consist of a DO loop which retrieves from the ASTER array the coordinates of 
the vertex, TEM, and the coordinates of the end of the height vector, TEMl. 
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The statements 

CAL~ OCOSPCTEM•Xl,~Nl 
CALL DcOSP CTEMtT[MleWII 

are used to call Subroutine DCOSP twice to compute the direction cosines of a 
vector from the vertex to the i nter sect on the quadratic surface and to com­
pute the direction cosines of the height vector. 

The statements 

initialize the variable SUM to zero. The DO loop computes the dot product of 
the two unit vectors just computed from the two calls to Subroutine DCOSP. 
This results in the cosines of the angle between the two vectors. 

The statements 

DO 214 J•l•l 
~PC JI •SU~•XOISTIT[~t X ll 
XPIJI•XPIJ)•WtiJJ•TE~CJI 

l14 cnNTtNU£ 

are used to compute the distance from the ver t ex along the height vector to 
the intersect projected onto the height vector, to multiply this distance 
by the direction codines of the height vector , and to add the coordinates of 
the vertex to obtain the coordinates of the intersect projected onto the 
height vector. 

The statement 

C. 
C12 TRANSFER TO REC SECTION TO COMPUTf OtR[CTION tOSlN[S OF NORMAL 
C l' AN INTERSECT ON THE QUADRATIC SUA,AC£ 0' AN M~C c 
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now determines if the intersect is on an RCC or REC, since the statements 
from Statement 200 are common to both bodies. 

The statement 

c_ c1l COMPUTE THE DIRECTION COSINES OF TH~ NOAMI~ IF AN INTERSECT ON 
~ QUADRATIC SURFACE OF AN ACC 
c 

CALL DCOSP<XItXPeWBl 

is executed if the previous test determined that the intersect is on a right 
circular cylinder. This statement calls Subroutine DCOSP to compute the 
direction cosines of the normal from the intersect point to the intersect 
point projected onto the height vec tor. 

The statements 

on 220 J•l•l 
WRCJl•XNOS*w~CJl 
CONTINUE 
GOTO 1000 

are used to direc t the normal for an intersect on the quadratic sur face such 
that i t is into the RCC for an entry intersect and away from the RCC for an 

exit intersect . 

c 
Cl 4 
c 

The statements 

COMPUTE THE DIRECTION COSINES Of THE NORMAL IF AN INTERSECT ON 
QUADRATIC SURFACE OF AN REC 

c 
2SO ~OATA•~DATA•l 

CALL UN21LOATA•LAttLR21 

are executed when it has been determined in the RCC/REC section that the 
intersect occurs on the quadratic surface of an REC. These statements retrieve 
and unpack the -pointers to the coordinates of the semi-major and semi-minor 
axes of the REC in the ASTER array. 
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The s t atement s 

00 255 J•ltl 
M•J• l 
tJKt•M•LRl 
TE~P I JI•ASTEAIIJKt i •XPCJJ 
IJ1<2•M+LA2 
f!MPtiJ)•AST[AIIJKz ) +X,IJI 

2!1i CO~'flNUE 

consist of a DO loop which ret r ieves from the ASTER array t he coordinates of 
t he s emi- major axis and the semi-~inor axis of the REC. 

The s t atements 

A t •XD I STCXPtT(~PI 
Al•XOJSTCXP,TfMPt l 

call Subroutine XDIST twice to compute t he distance between the pr oject ed 
intersect onto the height vector a nd the end of the semi- major axis ; and to 
compute the distance between t he pr ojected intersect onto the height vector 
and the end of the semi- minor axi s. 

The statement 

is used to det ermine if the semi-major axi s of the REC is longer than or 
equal t o the semi-minor axis. 

The s t atements 

AJ•Al 
Al•AZ 
Al•AJ 
T[MPilJ•TEMP111 1 
TEMP C21•TE"4P112) 
T!MPC]J•TEMPl(l ) 
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are executed if the semi-minor axis is longer than the semi-major axis. 

These statements exchange the values of the dis tance f rom poi nt XP on the 

height vector to the coordinates of the semi-major and semi-minor axes such 

that the longer distance is in storage locat ion Al. The coordinat es of 

the semi-minor axis are t hen placed in location TEMP. 

The statement 

is used to compute the distance from the center of t he intersected ellipse 

to the focus . 

The statement 

• 
CALL DCOSP <XPtT[M~tWN J 

is used to call Subroutine DCOSP t o compute the direction cosines of a vector 

from the point XP on the height vec tor to the farth est axis coordina t e. 

The statements 

00 265 J•t•3 
TE" IJ)•XP(J)•C*WN( JI 
T!"t(J ~ •XP(Jl ·C•WN(JI 
CONTINUE 

consist of a DO loop which is used to compute the coordinates of the two foci 

i n t he plane of the intersect ellipse. 

The statement 

CALL DCOSPITEMtXleWN) 

i s used to call Subroutine DCOSP t o compute t he direction cosines of a vec t or 

from one of the foci coordinat es , TEM, to the intersect point on tne surface 

of the REC . 
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The s t atements 

00 Z10 J•l•l 
TEMCJ)•i••ll•WNCJ)+T£~(J) 

270 cnNTINUE 

consis t of a DO loop which is used to compute the coordinates of the end point of a line f rom the focus coordinate, TEM, through the intersect point on the surface, XI, with a length equal to twice the distance from the pro­jected point on the height vecto r to the farthest axis point. 

The statement 

CALL 0COSPCTEMtTfMlt ~8) 

is used to call Subroutine DCOSP to compute the direction cosines of a vector from the new point, TEM, to the other foci point, TEMl. The direction cosines of this vector are not the direction cosines of the normal of the intersect. 

The statements 

on 275 J•l•J 
WRCJ)•.NOS•wBCJ) 

l15 cnNTINU[ 
GnTO 1000 

are used to direct the vector for the intersect on the quadratic surface such that it is into the REC for an entry intersect and away from the REC for an exit intersect. 

The statement 

e 
Ct5 TRC SECTION 'OA COMPUTING THE OJRECTION COSINES 0' THE ~OAMAl c 

is used to retrieve and unpack the pointers to the coordinates of the vertex and the height vector of the !RC in the ASTER array. 
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wN (l ) •ASTERCI.H) 
WNC2l•ASTERCLM•l l 
WN (J) •ASTERCI.H•2 1 
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r etrieve the x , y, and z coordinates, respectively, of the hei ght vector 

from the ASTER array . 

The statements 

IF CLSURF . EQ,3 l GOTO 3ln 
IF ~LSURFoEO e2 l XNOS••XNOS 
CALL UNlTOINl 
W8!}la l(NOS 4.W Ni ll 
WBC2 l• XNOS •W"l l2l 
wBI3 l•)(NOS•WN ( ~l 

GO TO lOilO 

are used to test to determine if the intersect occurs on the quadratic surface 
of the TRC. If it does, the program branches to statement 310 to compute t he 
normal to the quadratic surface at the intersect. If the intersect is not on 
the quadratic surface, the nor mal is computed by computing the direction cosines 
of the height vector and directing the result depending upon whether the top or 
bottom planar surface was intersected. 

The statements 

31 0 LDATA•LO ATA•l 
C AL~ UN~( LnA T At l Rlt LR 2l 
RHa AST ERILRl) 
Rf • ASTERILR2 l 
RATl O•RR / IRR• Rl ) 

are executed if the intersect occurs on the quadratic surface of the TRC and 
are used to retrieve the locat i on in the ASTER array of the two radii of the 
TRC, and to compute the ratio of the radius of the base to the radius of the 
base radius minus the radius of the top . 
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The statements 

TEMP l l )•ASTEqtLV I 
TEMPC2)•4STEQ(LV•ll 
TENP CJ l•ASTERCLV•21 
00 320 t •ltl 
TEMlll•TEMPlii•RATlO*WN(l}•XItll 
TEMlli)•TENPCl)•XtCl ) 

3~0 CO~TJNU£ 

are used to retrieve the coordinates of t he vertex of the TRC , and then to compute the vector f r om the inter sect to the apex of the TRC and the vector 
from the intersect to the vertex. 

The statements 

CALL CROSStWAtTEM,TEMl ) 
CALL CROSSCW8 t WAtT£M) 
CALL UNIT!~BI 

a r e used to compute t he cross product of the vector from the intersect to the apex of the TRC and the vector from the intersect to the vertex. The result is a vector tangent t o the quadr atic surface of the intersect . The cross product of the resultant vector and the vector from t he intersect to the apex of the TRC results in a vector perpendicular to the quadratic s urface of the intersect and dir ected i n to the TRC. The dir ection cosines of this vector are then computed . 

The statemen ts 

WB(l,•XNOS*WB(l) 
wBl2le lNOS•wBIZI 
WBC!I•XN05*WBI3) 
GOTO 1000 

are used to di r ect t he unit vector computed in the previous statement such that 
it is into the TRC for an entry intersect and away from t he TRC for an exit 
intersect. 
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The statements 

t _ C16 E~~ SECTION roA COMPUTING TH[ DIAEC!ION COSINES 0' TME ~ORMAL 
c 

350 CAL~ UN2 ( LOATA,~Rt,~A2l 
LS•MiSTERCLOAfA•ll 

ar e used to retrieve and unpack the pointers to the coordinates of the two 
foci of the ELL in the ASTER arr ay a nd to retrieve and poin t er to t he l ength 

of the major axis i n the ASTER arr ay. 

The statements 

on 352 J•l•J 
M•J•l 
tJI<l•M•I.Al 
tJK2•M•L.Az 
T!MCJI•ASTERCIJKll 
T!MlCJI•4STERCIJK2 1 

3!2 COIIITINUE 

consist of a DO loop which is used to compute the coordinates of t he two foci 

of the ellipsoi d of revolution. 

The statement 

retrieves the length of the major axis from the ASTER array . 

The statement 

CaLL DcOSPCTEMtXl eWN I 

is used to cal l Subroutine DCOSP to compute the direction cosines of a vector 
from t he focus, TEM, to th e intersect point on the surface of the ELL. 
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The s~atements 

on 353 J•l•l 
T!MfJl•••WNlJl •T!MIJl 

3~3 CONTINUE 

consist of a DO loop which is used to compute the coordinates of a point on a 
line from the focus, TEM, through the intersect point to a distance from focus, 
TEM, equal to the length of the major axis. 

The statement 

C~L~ DCOSP(TEMtTE~l•WDJ 

is used to call Subroutine DCOSP to compute the dire ction cosines of a vector 
from the new computed point, TEM, to the second fo cus point, TEMl. The 
direction cosines of this vector are the direction cosines of the normal of 
the intersect point. 

The statements 

on 3S4 J•l•J 
•R'JI••~os•wHIJJ 

35• cnNT l NU( 
GOTn 1000 

are used to direct the normal for the intersect on the surface of the ELL 
such that it is into the ELL for an entry intersect and away from the ELL 
for an exit intersect. 

The statements 

c 
C17 qAw SECTION FOR CO~PUll t46 THE OIRtCflO~ C051NES OF NORM4l TO C SLlNTED SURFACE 
c 
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c 
C18 T~ANSFE~ Tn 80l( SECTlll,_. JF" INTERSECT NOT ON SLANT S'DE 

c 
t F<LSURfoNEo•IGOTO 10 ~ 

wHITE 16 • 9o61 
STOP 

TN 4565-3-71 Vol II 

are used to determine if the intersect occurs on the slanted side of the 

right angle wedge. If it does , the program transfers to compute the 

normal of the slanted side. If the intersect does not occur on the slanted 

side and the surface number is not equal to side four ( there is no side 

four for a RAW), the program transfers to the section for computing the 

normal for an intersect on a box (for s ides 1, 3, S. 6) . If the surface 

number is equal to four, there is an err or in the program since a RAW does 

not have a side four. Therefore, an error message is written out, and the 

STOP statement t erminates t he program. 

The statements 

401 CALL UN21LDATAoLV ol.Vll 
LnATA•LOATA•l 
CALL UN21 LOAT4oL~2 • LV11 

are used to retrieve and unpack the pointers to the coordinates of the vertex 

and the three length vectors if the intersect occurs on the slanted side of 

the RAW. 

The statements 

t)n •10 J=-l•l 
M•J•l 
TJKt:M•LV } 
TJK;;o:a"'•LV2 
TF.MP (J )aAST~~I l JKII 

XMIOIJI•ASTEHI]JKtl - A ~ Tl~ I IJK II 

(JK1&"hL ~3 
TfM(J) aASf~~ ( JJKjl 

4)1\ C:, N fliiiUl 

consis t of a DO loop which is used t o retrieve from the ASTER array the 

coordinates of the length vectors and to compute the coordinates of Rl-H2. 
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The statements 

l •l 
.J=;> 
I(•J 
Lt(• 11 
Oil •11 1\K:IIt) 
TF:M 1 ( I ) • X ~ T ('I ( J) • T£"1 I 1\ 1 - l lo4 I 1) IK) • Tt::,. C J t L K•t 
l=J 
J=K 
K•LI( 

•1 t cnNTI "'UE. 

initialize integer variables for use as indices in the DO loop. The DO loop computes the coordinates of the c r oss product (Hl-H2)XH3. which is a vector normal to the slanted surface. and stores the result at TEMl. 
The stat ements 

~UM:O, 

n, 412 J=t•J 
SUo4~T E"'li..Jl •T£MP(JI+Sll"4 

• l? Cl'lNTINUf 

i nitialize the variable, SUM, to zero . The DO loop computes the dot product of the vector normal to the slanted surface and the Hl vector and places the result in SUM. If SUM is positive, the vector normal to the slanted side is directed from the vertex towards the slanted side. If SUM is negative, the vec t or is directed from the vector away from the slanted side . 

The statement 

sets SUM equal to +1.0 if the vector normal to the slanted side is directed from the vertex away from the slanted side; or sets SUM to -1 . 0 if the normal is directed f rom the vertex towards the slanted side. 
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The statements 

TLK•TE~lfll••z•TE~l(2)••l•T£~ 1 IJI••~ 
TLI(~S~A TI TLKl 
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square the vector normal to the slanted side and compute the square 

root of the result which is the scalar length of the vector. 

The statements 

Ofl ~21) J al• J 
w~tJI~xNOS•SUM•TEMllJli TL~ 

420 C"NTI~UE 
GnTn 1000 

are used to compute the direction cosines of the normal to the slanted side 

and direct it such that the normal is directed into the RAW for an entry 

intersect and away from the RAW for an exit intersect. 

The s taternents 

c 
C19 ~RB SECTIO~ FOR COHPUTt~G T~E OtWlCIJON COSINES OF THE NORMAL 

c 
•s~ LSPTaLQATA+LSU~F-1 

CALL UNzCL5PToDUHoLll 

retrieve and unpack the pointer to the location in the ASTER array of the 

Z, Y, and Z coefficients for the equation of the intersected plane of the 

arbitrary polyhedron. 

The statements 

SU14•0 • 
on 451 J•l•1 
M•J•l 
SUM•SUM•AST[RClJK)••z 

4!1 CONTINU[ 

initialize storage location SUM to zero, and the DO loop computes the 

sum of the squares of the X, Y, and Z coefficients with the result 

placed in location SUM. 
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The statement 

computes the square root of the sum of the squares of the X, Y, and Z coefficients of the intersected plane of the ARB. 

The s tatements 

DO 460 J•l•3 
14•J•l 
IJICeM+Ll 
wBCJ)••NOS.ASTERCtJIC)/OIV 46C cnNTINUE 
onTo 1ooo 

consist of a DO loop which computes the direction cosines of the normal to the intersected surface by dividing the particular coefficient by the square root of the sum of the squares of the coefficients. At the same time the normal is directed by XNOS ·into the ARB for an entry intersect and away from the ARB for an exit intersect. 

The statements 

c 
C~O TEC SECTION 'OR COMPUTINI THE OIRlC!ION COSINES o, TH[ NORMAL c 

!OO CALL UN21LOATA,LV,LH) 
LOA TAttLDA h •l 
CALL UNZILDATAtLNtLA) 

are used to retrieve and unpack the pointers to the locations in the ASTER array of the coordinates of the vertex, the height vector, the normal of the base plane, and the direction of the semi-major axis of the base ellipse. 

The statements 

'lfNi l)•A5T[ACLN) 
WNC2t•aSTEACLN•1t 
WNIJ)•ASTEACLN+Z) 
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retrieve the x, y, and z coordinates of the normal to the base ellipse from the 

ASTER array. 

Tbe statements 

IFILSUAF•21!20t510•5l0 
510 .NOS••XNOS 

are used to determine which of the three surfaces of the truncated elliptic 

cone has been intersected and to change the sign of XNOS, the constant 

multiplier of the direction cosines, if the int ersected surface is the 

top planar surface. 

The statements 

!20 W81\I•XNOS•WNI11 
wBI21•XNOS•WNizl 
W8(J)•XNOS•WNC)l 
GOTO 1000 

ar~ ex~cuted if the intersect occurs at either planar ~urface. These state­

ments, therefore, use the normal to the base ellipse and direct it such that 

it is into the TEC for an entr y intersect and away f r om the TEC for an exit 

inter sect. 

The statements 

!JO ~OATA•LOATA•l 
CALL UN21LOATAtLRttLA21 
LR]•~ASTERILOATA•tl 

begin the section for computing the normal if the intersect occurs on the 

quadratic surface . These statements retrieve and unpack the pointers to 

the location in the ASTER array of the major and minor radii of the base 

ellipse and retrieve the pointer to the major radius of the top ellipse . 

The statements 

VFI})•ASTERIL~I 

VFC2l •4STERILV•tl 
VFI J)• ASTERILV•21 
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HFCll•AST£RCLHI 
H~~2l•ASTERCLH+}l 
HFC3l•ASTERCLH•2) 

retrieve from the ASTER array the coordinates of the vertex and height vector 
of the TEC . 

The statements 

TEMP C 1 l •l( I C 1 ) • VF I 1 l 
TEMPtzl•XI(2l-VFf2l 
TE~PIJ)•l(l ( )l-VF I]l 

comput e the vector f r om the vertex to the intersect point of the TEC. 

The statements 

HH• OO TI TEMPoWN) 
HDN•OOT lHF .w110 
GAMMA•HMIHOIII 

are used to compute t he length of the vector from the vertex to the inter­
sect point projected onto the normal to the base ellipse and to compute 
the length of the height vector proj ected onto the normal to the base ellipse 
(the distance between the two planar surfaces). The ratio of the height of 
the hit along the normal to the distance between the two planes is also 
computed. 

The statements 

T£MP I }I•VFit l •GAHMA 0 HFill 
TEMP(2l•VFC2l•GAMMA*HF(2 ) 
TEMPl)l•VF(11•GAMMA 0 HF(]I 

compute the coordinates of the intersect projected onto the height vector, 
which is the center of the intersection ellipse. 
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The statements 

Rt•AST!A(L.Rll 
Rz•ASTr;RlL.Rzl 
TAU•CRi/AZI••z 
R4•RZIASTEACLR'I 

retrieve the major and minor radii of the base ellipse and compute 

the square of the ratio of the major radius to the minor radius of the 

base ellipse. The minor radius of the top ellipse is then computed. 

The statements 

compute the square of Lhe radius along the semi-minor axis of the inter­

section ellipse and the square of the radius along the semi-major axis of 

the intersection ellipse where the radius along the semi-minor axis of the 

intersection ellipse is given by 

m = yR4 + R2 (1-y) 

and the square of the radius along the semi-major axis of the intersection 

ellipse is given by 

The statements 

2 
tm 

C•SQAT USO•BSQ) 
TWOA•2,.SQATIAS0l 

are used to compute the distance from tne center of the intersect 

ellipse to the foci of the intersect ellipse and to compute the length 

of the ellipse along the semi-major axis. 
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The s t at ements 

Q() 540 1•1•3 
lJI<•LA•I • l 
T!MPCit•C ASTEACJ JI< ) 
T!MCl t •TEMPl( I )• T[MP(l) 
T!M1Cl)•T£HP1Cl t•T£HPCI) 

!40 CONTlNU! 

consis t of a DO loop which computes the cpordinat es of the foci of the 
i ntersect el l ipse. 

The statemen t 

is used t o call Subroutine DCOSP to compute the direction cosines of a vecto r 
from a focus point to the in t ersect point on the surface of the TEC. 

The statements 

T!MPClt•T£HC ti •TWOa~WN( 1 ) 
TEMPC2)•TEMC21•TWOA•WN C2) 
T[~PC3t•TEMC3t•TWOAeWN C 3J 

are used to compute the coordinates of point along a line from a focus through 
the intersect at a di stance e qual to the l ength of the i ntersect ellipse along 
the semi-major aKis . 

The statement 

is used t o ca~l Subr outine DCOSP to compute the direction cosines of a unit 
vector from the previousl y computed point to t he ot her focus. 
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The statements 

tFtR2oEQoR4lGOTO 545 
RATI0~~2/ C R2•P41 

TN 4565-3- 71 Vol II 

are used to compare the semi-minor radii of the base ellipse and the top 
ellipse of the TEC to determine if they are equal. If they are equal, the 
sides of the TEC are parallel and the program branches to compute the direc­
tion cosines of the normal at the intersect. If not equal, the ratio of the 
base semi- minor radius to the radius of the base semi-minor radius minus the 
semi-minor radius of the top ellipse is computed. 

The statements 

HF ( 1 I & VF I 1 I • RAT I O*MF' I \ l - .X I I\ ) 
HF(2 l•VF (21•RAT!O*~F(? I • XII21 
HF ( 3) •VF ( J ·l •RA Tl o•~F ( 3) •lt t I 3 I 

are used to compute the vector from the intersect to the apex of the TEC. 

The statements 

545 CALL CROSSINF'tMFt~NI 

CALL CROSSI~B•NF•Hf) 
CALL UN IT lw~) 

are used to compute the cross product of the vector from the intersect to the 
apex of the TEC (or the H vector if the sides are parallel) and the unit vector 
perpendicular to the normal at the intersect. The result is a vector tangent 
to the quadratic surface at the inter sect. The cross product of the resultant 
v~ctor and the vector from the intersect to the apex of the TEC (or the H 
vector if the sides are parallel) is a vector perpendicular to the quadratic 
surface of the intersect and directed into the TEC. The direction cosines of 
this vector are then computer. 
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The statements 

wBtll•XNOS•WB(t) 
we ·~ 21 •xNos*we '2 1 
w8(31•XNOS4.WBCJI 
GOTO 1000 

are used to direct the unit vector for the intersect on the quadratic surface 
such that it is into the TEC for an entry intersect and away from the TEC 
for an exit intersect. 

The statements 

c 
C?l TOR SECTION FOR COMPUTING THE Ol~EC!!ON COSINES 0, THE NORMAL 
c. 

5SO CALL UN2t LOATA ,LV,LN ) 
LOA TA•LlJA T Hl 
CALL UN2(LDATA t LRttDU~t 

are used to retrieve and unpack the pointers to the locations in the ASTER ~ 
array of the coordinates of the center of the torus, the normal to the 
plane of the torus, and the major radius of the torus. 

The statements 

on sst I•l• J 
J•I•l 
I JI<•LV•J 
TEMP(II•XIIJI-ASTERfiJ~I 
IJK•LN•J 
TEMP} Cti•ASTERIIJKI 

551 CONTINUE 

consist of a DO loop which is used to retrieve the coordinates of the center 
of the torus and to campute the vector from the vertex to the intersect 
point on the torus. The coordinates of the normal to the plane of the torus 
are also retrieved. 

The statement 
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is used to retrieve the value of the major radius of the torus . 

The statements 

CALL CROSSCTEMtT[MP1tT£MP) 
CALL CAOSSITEMleTEMtTEMPll 
CALL UNIT CTEMl) 

are used to compute the cross product of the normal to the plane of 
the torus and the vector from the center of the torus to the intersect 
using Subroutine CROSS . Subroutine CROSS is again called to compute the 
cross product of the resultant vector and the normal to the plane of the 
ellipse, which results in a vector from the center of the torus to the 
center of the circular plane of the intersect. Subroutine UNIT is then 
called to convert the vector to a uni t vector. 

The statements 

00 552 1•1•3 
J•J-1 
tJI<=LV•J 
TEMIIl•aSTERClJK ) 
T£MP}(}I•Tp4CJ)•Rl*TE.Mlltl 

552 CONTINUE 

consist of a DO loop which retrieves the coordinates of the center of the 
torus and computes the coordinates of the center of the circular intersect 
plane. 

The statement 

is used to call Subroutine DCOSP to compute the direction cosines of a vector 
from the intersect point to the center of the circular intersect plane, 
which is the normal to the intersect. 

The statements 

00 553 1•1•3 
WQIII•kNOS*WBIJI 

55l cnNTINUE 
GI"'TO 1000 

consist of a DO loop which directs the normal for the intersect such that it 
is into the torus for an entry intersect and away from the torus for an 
exit intersect. 
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The statements 

c 
C2Z ARS SECTION FOA COM~UTING T~E OlAEt!JON COSINES OF THE ~OAMAL c 

600 LOCA RSaMASTER ILDA TAI 
Lnc•L0CARS•2 
DIS•XOJSTCXSt~ll 

are used to retrieve the beginning location of the ARS data in the MASTER­
ASTER array and the beginning location of the ARS distance data. The dis­
tance from the origin of the ray to the present intersect is then computed. 

The statements 

00 b\0 1•1•20 
I~!ABS!OIS-ASTER ILOCll,LE e O • OOOl luOTO 6ZO 
LOC•LOC•~ 

610 CONTINUE 

consist of a DO loop used to serch the distance data for the intersect dis­
tance that is equal to the current intersect distance t hat was previously com­
puted and s t or ed. 

The statements 

~RtTE C 6t9031 
SN•• lo 
ANG~E•·l• 
RETURN 

are execut ed if no distance was found in the distance data that was equal to the present intersect distance. These statements, therefore, write out an 
error message, set t he normal distance and angle t o a -1 and return control to Subroutine TRACK. 

The statements 

620 ~A Cl i•ASTER C LOC•l l 
wH(21•ASTE R!LOC • 21 
WB !J )•6STER! L0C•J l 
GOTO lnOO 

are executed when a distance is found in the distance data that is equal to the 
current intersect distance being considered. These statements, therefore, 
r etrieve the direction cosines of the normal t o the intersected triangle that was pr eviously stored with the intersect distance when the ray was tracked 
during subrout ine TRACK . 
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The statements 

c 
C?l cn~PUTE OBLIQUlTY ANGLE AND NORMA~ DISTANt£ TO N~XT REGION 
c_ 

1000 on 1001 J•l•l 
XBCJ~•XICJ)•WSCJ)el•OE•3 

iooi CONTINUE 

consist of a DO loop which is used to move the coordinates of the intersect 
point a very small distance into the region following the intersect to avoid 
tracking from a boundary. 

The statements 

AN8LE•O• 
DO 100Z J•t•l 
ANGLE•&NGL[•W&CJ)•WS( J) 

1ooi CONTINUE 

initialize the variable name, ANGLE, to zero. The DO loop computes the 
cosine of the angle between the direction of the normal at the intersect 
and the direction of tbe ray by computing the dot product of the two unit 
vectors (direction cosines). 

The statement 

is used to determine if the absolute value of the cosine of the angle between 
the dir ection cosines of the normal and the dir ection cosines of the ray are 
less than or equal to one. A value greater than one is an error, but such 
an error could result from round-off error. 

The statements 

ANGLE•o• 
SN•O• 
WRITE c6•9o4JNJAtJTYP[tN&OtLSUR,t•a•WStl'•l8tXI•lNOI 
IR•NIR 
OOTO 40 
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are executed if it was previously determined that the cosine of the angle 
between the ray and the normal is greater t han one due to round-off error. 
The angle and normal distance are set to zer o (the normal distance for a 
ray perpendicular to the surface at the int er sect would be the same a s t he 
line- of- sight distance thr ough the r egion), t he values of pertinent data 
are written out, t he region fol l owing the int er sect is updated to the 
present region , and t he pr ogr am transfers t o check the space code of the 
fol l owing region. 

The statements 

c 
C14 COMPUTE OBLIQUITY &NGL£ 
c 

iOlO lNGL£~&T&NZCSQRTil••&NG~f•ANGL!)tAN~LE)•liO ell e l4159t65• 
I'C&NOLE•LE•90• )GOTO lOZO 
D~ 1011 J•ltl 
•sCJ)••WBCJ ) 

i Oll CONT INUE 
G~TO 1000 

convert the angle to degrees and test to determine if the angle is greater 
than 90 degrees due to round-off error. If i t is, the direction cosines 
of the normal are rever sed, and control is returned to again compute the 
angle. 

The statements 

c 
C~5 COHPUf£ NORMAL Ot5TANCE TO NE XT JNf~·SECT 
c 

c 
c 

i ozo NA5C••2 
tR•NIR 
CAL~ Gi CSteiRPR!Mt-P) 
SN•Sl 
AOTO •o 
END 

first sets the variable NASC to - 2 to indicate to Subroutine Gl that it is 
to compute the nor mal distance through the region, not the identity of the 
next region. The r egion through which the normal passes is identified as 
the regi on following the intersect. Subr outine Gl is called to compute 
the normal distance through the region, which is assigned to variabl e SN. 
The program t hen transfers con trol t o check t he space code of the fo l lowing 
region. 
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Subroutine Gl(Sl,IRPRIM,XP) 

This subroutine is the main ray-tracing routine of the MAGIC program. 
It performs the followiB& function: Given a ray in region IR at point XB 
with direction cosines WB, determine the distance (Sll_to the next region, 
the number (IRPRIM) of that . region, the coordinates, XP, of the next inter­
sect, and the surface number (entering or leaving) of the next intersect. 

Some special variables used in this subroutine are as follows: 

NASC ~ 

NASC 
IVOLUM = 
ITESTG = 

DIST 

The statements 

-2 
-1 

1 
1 

Call from CALC to find normal distance 
Start a new ray 
Call from Subroutine VOLUM 
Call from Subroutine TESTG 
Total distance travelled by ray 

DIMENSION XP(Jl •LSURT(~O)tNASCTISO) 
OlMENStON MASTERitOOOOl 
COMMON ASTERilOOOOl 
COMMON/PAREM/XBIJ)tW8(J)t!~ 
COMMON/Of0M/~8ASEtRlNtROUf,~Rie~RO,PJN,,lEAA,OlST 
COMMON/UNCGEM/NRPPtNTAIPtNSCALtNBOofeNAM&Xt~!AIPt~ICA~tLAEGD • 

1 LDATAeLRlNtLROTeLIOeL0COAtll5tllOtL80DYtNA5CtK~OOP 
COMMON/CA~/NlAtSLOSeANG~EtNTYPEtSSPACEeLtlSC31tWSCJitTAAV£~t 

1 SNtVt~tlVI~ -
COMMON/WALT/LIRFOeNOlEAA 
cnM~ONILSU/LSUAF 
COMMON/CONTR~/lTESTGtlRAVSKtlEHTLYtlVOLUMtlWOTtlTAPlleNOeiY[S 
C0MM0NIOAVJS/lOAlOtL00PtiNORM 
COM~ON/CE~LICELSIZ 
CON~ON/WHICH/N80 

dimension arrays and pass information into and out of this subroutine . 

The statement 

EQUIVALENCE tASTERtMA!T[A) 

sets the MASTER array equivalent to the ASTER array. 
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c 

The statements 

9nt FOP~ATilHOtJZHEAROR lN Gl AT 140 BAD ITYPEe5X 9 4HITY•tl5) 
902 FnAM.TilHO•llHEAAOA IN Gl AT 510 SM •• PINFt5XtlHIA•tl5) 
9n3 FOAMATC4H XB••lEZOo814H •a••lE20e&/lOXt5H~L00Ptl2XtlHNB0e 

. 1 12Xo3HLRitl2XelHLROtlllt4HNHITtlllt4HLOOP/6115) 
904 FORMATclH1 1 15c2H• ),lX 9 9HERAOR NO,,JS,3l 9 15czH •)//) 
9~5 r~RMATCJ4Xe4HC£LLtZI4l 
906 FORMATI19H ERROR IN Gl AT 640//4M Jl••l10t4H JZ••tlOt?H LSUR'•• 

l 110•6H NASC•ellOt4~ IR••l10/4H SH•eEZlelOt4H Sl•tE17•lO/ 
2 4" we••lE2l ol0 /4H XB••JE21•10l 

9~1 FnRHATISOH THE <SOLID POSITION/DEPTH/POINT NOW AT) IS O~E OFt 
1 6H THESE / 6H XBO ••lE2l•lOI6H OlST•t£21•10//J 

908 F0AMATitl•JHRIN•tzXt4HROUTe7lt&HENTEAINGtlXt7HLEAYINGt3Xt 
1 8H800Y NO.t5XeJHAAYt/J5lt8HSID[ NO,,zXe8H~lDE NO,I/1 

910 FnAM&TC/116H TJLT AIN•ROUT••E20•10'J0XtzHl••ISII) 
t1i FORHATizlzXoE1So81•4X•IZt8Xtlzt6XeiSt5Xe7HSTAATEU/l 
912 F0RNAT I212l•ElS•Ait4Xtl2•8X•I2t6ltl5r5Xt7HHAS HIT/) 
913 FORMAT C 21Z~tEl5•8 l t4l•l2t8Xtlzt6lt l~tSXt7HL[AVlNG/) 
914 FOAHATI212~•El5•8lt4l•l2•8Xtl2t6ltiSt5lt7" lN /I 
915 F0RMATCzCz~•El5•8lt.Xtlz•eX•lzt6At l 5t§At8"ENT[AlNGI I 
91~ FOA~ATCZIZ~tEl!o8lt4Xtllt8Xtl2t6lei~t5Xt8"WlLl HlT/l 
9 17 F0A~ATC//4(14H [NO ERROR N0etl4t)A)/) 
918 rnR"ATCl"O•lS•ZlH ERRORS IN Glt AET~ANI 

are used to format output when errors are detected and to format a diagnostic 
error printout. 

e 

The statements 

!NOAM•O 
tFCNA9CtEQ.•21INOAM•l 
si•o· 
IFCNASCoGT.oiGOTO ZO 

initialize INORM to 0 (INORM is used in Subroutine ARS to determine whether 
the normal distance, INORM=l , or the line-of-sight distance, INORM=O, is to 
be computed). The variable NASC is tested to determine if this subr outine 
has been called by Subroutine CALC to compute the normal distance through a 
body (INQRMol). The variable Sl for recording the distance through a region 
is initialized to zero. If NASC is greater than zer~ a branch is made t o 
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Statement 20 to begin tracing the ray through the region. If NASC is less than 
zero , a new ray (either for normal or line-of-si ght distance) is to be started. 

The statements 

c 
C1 !NITIALll£ ,OR NEW RAY 
c 

DIST•o, 
IFCKLOOPeLTolZOOOIGOTO 1! 
KLOOP•o 
LION•LtO•NBOOY+NRPP•l 
DO 10 I•LIOtLIO~ 
~ASfERll)•o 

10 CONTINUE 

are executed when a new region has been found and the ray through the region 
is to be started . The variable DIST for the distance through the region is 
initialized to zero , and the variable KLOOP is tested for less than 32,000 
since the maximum size of KLOOP is 15 bits or 32,768. If KLOOP is greater 
than 32,000, KLOOP and the temporary data area for Subroutine Gl are initialized 
to zero . 

The statement 

increments the count in KLOOP by one. This value is stored for each body in 
the region after the body routines return with the computed values of RIN and 
ROUT. When Gl is later called by CALC to compute the normal distance through 
the region, KLOOP is again incremented by one . The new value of KLOOP is 
compared with the previously stored value of KLOOP as a test to determine if 
the normal distance is to be computed. This test is performed in Subroutine Gl, 
Subroutine WOWI, Subroutine TOR , and Subroutine ARS. Therefore , until Sub­
routine CALC calls for the normal calculations, the variable KLOOP will equal 
the previously stored value of KLOOP , now referred to as LOOP, which indicates 
to the above subroutines that the line-of- sight distance is to be computed . 

The statements 

c 
C~ 9EGIN/CONTINU£ TRACING AAY THRU REGION 
c 
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EJ COMPUTE ~OCATtON OF REGION DATA 
c 

c 
C4 RETRIEVE THE NUMBER OF 8001[5 l~ RE!ION 
c 

CA~L UN2CLOCt~OCtNC) 
~OC•LOC•l 

initialize the variable SM to an extremely large positive value. (SM is used 
to represent the shortest distance f rom the origin to the next intersect.) 
The number of solids hit, NHITS, is initialized to zero, and the number of 
descriptors in the prescribed region along with the location of the solid 
numbers in the region is retrieved. The location of the solid numbers is 
decremented by one since, in the following DO loop , one is added to the 
location number before the solid number is retrieved. 

The statement 

c 

begins a DO loop to perform the following: 

Given : NC = number of bodies in region description. 

Find: RIN and ROUT for each of these bodies. 

RIN is the distance from point XB to the point where the ray 
enters the body. 

ROUT is the distance from point XB to the point where the ray 
leaves the body. 

If ROUT = - PINF, the ray does not hit the body. 

Unique value of RIN indicates next body in the path of the ray. 

Two or more values of RIN indicates two or more bodies have 
a common surface. 
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ROUT for current body means that the ray will leave this body 

before encountering another body. 

Gl selects the smallest of the RIN or ROUT distance and sets it equal to DIST. 

The statements 

c 
C~ RETRIEVE BODY NUMBER 
c 

~OC•LOC+l 
CALL UN2CL0CtOUHtNB01 

c 
C~ RETRIEVE ENTER AND EXIT SURFACE NUM~ERS ANU LAST RAY NU~BER 

c 
lTE~P•LtO+N80•1 
CALL UNJ(ITE~PtLRltLAOtLOOPJ 

c . 
Cl RETRIEVE ~OOY TYPE AND LOCATION OF DATA 
c 

lTE~P•l8DOY•3*CN80•ll 

C4LL UN2CITEMPtlTYPE t L0COAl 

retrieve the solid number, the value of the variable LOOP for testing against 

KLOOP, and the type of body that the solid represents. 

The stateme~t 

IF(LOOPoNE.~LOOPJGOTO 130 

determines if RIN and ROUT for the current solid have already been computed 

for line-of-sight distance or for the normal distance if Gl was called to 

compute the normal distances. If RIN and ROUT for either condition have not 

yet been computed, the program branches to prepare for computing RIN and 

ROUT (normal or line-of-sight) of the body. If RIN and ROUT have already been 

computed, RIN and ROUT are retrieved from storage. 

c 
c~ 

c 

The statements 

cnNTINUE RAY RETRIEVE RIN/AOUT fOH CURRENT BOOY 

tFCITYPEoGToll)GOfO 140 
lJK•LRtN•NBO•l 
RtN•ASTERCIJKl 
IJK•LROT•NB0-1 
ROUT•ASTERCIJK) 
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are executed if RIN and ROUT were previously computed for the current body. 
These statements determine if the present body is a valid type and, if not, 
branch to record an error. If the body type is valid, the RIN and ROUT 
of the body are retrieved from their locations in the ASTER array. 

The statements 

tFftTYPEoLT•lO)GOTO 320 

IS NE•T ~lN/qOUT SET HEQUlREO FOR TOR OR AR5 

lFIROUT.~T. o,)OOlO J2r 
IFiniST.LT.ROUl)GOTO 320 

determine if the body type is a torus or an arbitrary surface, because these 
two bodies can have more than one RIN/ROUT set; if a torus or an arbitrary 
surface, a test is made to determine i f the ray misses or if the present 
point along the ray is equal to or past the stored ROUT distance. If the ray 
misses or the distance along the ray is not yet past the ROUT, the program 
branches around the section for calling the body subroutine to compute the 
next RIN/ROUT set. 

The statement 

is executed only when the present body type is a t orus or an arbitrary surface 
and the distance, DIST, is equal to or greater than the ROUT of the body. The 
statement initializes NASC to zero if it is equal to the current solid number. 

c 

The statements 

130 LAI•l 
~AO•l 
!TY•ITYPE+\ 
IFCITY.GEol•AN0olTYeLEel2)00lO 200 

294 



TN 4565-3-71 Vol II 

initialize the entering and leaving surface variables, increment the body 
type to avoid a zero index in the following computed GOTO statement, and 
test the body type number to determine if it is a valid number. If it is, 
the body routine is called. If not, an error printout is executed. 

The statements 

140 tERR•lEf'A•t 
WAITE 16t90l)lTYPE 
onTo eoo 

print out an error message if the body type number is not valid and transfer 
to the end of the subroutine. 

The statements 

c_ 
CJO COMPUTE RIN/ROUT FOR CURRENT ROPY 
c 
C RPP BOX SPH ~CC REC TRC ELL RA• AAB TEC TOR AAS 

200 GOTOizoS•ZlO•ZlS•Z20•Z25•2l0•235tl4UtZ•5ti50•2SStz6olelTY 
205 CALL RPPI~BOl 

GOTO 300 
ZiO CALL BOX 

GOTO 300 
215 CALL SPH 

GOTO 300 
220 CALL RCC 

GOTO 300 
22S CALL REC 

GOTO 300 
231) CALL TRC 

GOTO 300 
235 CALL ELL 

OOTO 300 
240 CALL RAW 

Ot)TO 300 
245 CALL AA8 

onto loo 
250 CALL TEC 

GOTO 300 
25S CALL TOR 

GOTO 300 
260 CAL.L ARS 
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transfer control according to body type to a statement that calls the proper 
body subroutine. Upon return from t he body subroutine, control is transferred 
to Statement 300. 

The statements 

c_ 
Ctl STORE ~ lN AND ROU T 'OR BODY l N AI N AND ~OUT T&8L(S 
c 

300 l J~•~RtN•N80• l 
ASTER l tJI() • AI N 
tJIC•~AQT+NBO•l 
ASTER ( IJIO •AOIJT 
T JI< •~lO•NBO• l 
M&STERl l JK l •I<LOOP • t l5* l LA0•64•~Al ) 

store the values of RIN and ROUT in the ASTER array in the RIN and ROUT table 
according to body number. The entering surface number, the leaving surface 
number, and the value of KLOOP are also packed into a word and stored according 
to body number and region number. 

c c; z 
c 

The statements 

IS PO INT KP ON CURRENT 800Y 

320 tr tNASCo NE. NBO IGOTO J J O 
IFtLSURF ISoo•SOO t )40 

YES•tS lT tNT£A OA EXIT 

compare the present body with the body where the point XP is presently located. 
If point XP is on the body now under t est, it is determined if XP i s at a RIN or 
ROUT location. If XP is at a ROUT location, control is passed to the end of 
the DO loop to consider the next body in the r egion. If the point XP is not 
on the body now under test, or is at the RIN location, the subroutine branches 
to perform more tests relative to t he loca t ion of point XP with respect to 
the bodies in the region. 

The statements 

onES RAY INTERSECT BODY 

330 tFCAOUToLE. n.lGOTO 500 
IFCRtN.GT.o.lGOTO 350 
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determine if the ray mis~s the body; if not, RIN is tested to determine if 

the present location of XP is within the body or at location RIN. 

340 

The statements 

PnJ~T XP &T RIN OR WITHIN BODY 

IFIABSCAOUT•SHl.GT.SM•l·OE•6lOOTO l4l 
RnUT•SM 
IJK•~ROT•NBO•l 
AST[AC I JKl•ROOT 
onTo 345 

are execut ed if point XP is now at RIN on the present body or if t he ray 

originates within the body. These statements determine if the ROUT and the 

distance to the last body tested are close enough to be considered a single 

intersect. If they are, the distance of point XP is assigned to ROUT. 

The statements 

IFCAOUT•SMl342tl45tSQO 
IFIOIST·GE.ROUTlGOTO 500 
N~IT•o 
NH!T•NHIT•\ 
SM•ROUT 
LSURTCNHlT)••~RO 
NASCTCNHlTl•NBO 
OOTO !OO 

are executed when point XP is at the RIN intersect of the present body and 

the next intersect does not occur at the same point. These statements test 

the ROUT intersect distance against the distance to the last body tested. 

If ROUT is greater, control is passed to the beginning of the DO loop to 

test the next body. If ROUT is smaller, it is compared with the distance 

that XP has travelled in the region. If the distance of XP is greater, con­

trol is passed to the beginning of the DO loop to test the next body. If 

the distance is smaller , the variable SM is equated to ROUT to represent the 

shortest distance to the next intersect, the body number of the intersect is 

recorded, and the variable LSURT is set negative for the intersect occurring 

at a leaving surface. Control is then passed to the beginning of the DO loop 

to test the next body. 
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c 
ei5 
c 

The statements 

POINT XP AT ROUT Of 800Y 

tFCABSCR1N•SMt.GT.SM•t.ol•6100TO 
AtN•SM 
lJK•~AIN•NBO•l 
A!TERCtJKl•AlN 
GOTO 35! 

l51 

are executed when the RIN intersect of the body under test does not occur on the same body at which point XP is now located. These statements determine if the present RIN intersect and the intersect of the last body tested occur at the same point. If they do, the intersect of the previous body is assigned to RIN. 

The statements 

3~1 l'IRIN•SM)J52tlSStSOO 
lSZ I'COISTeG!eAIN)GOTO J•o 

NMIT•o 
355 NMIT•NMIT+l 

SM•RIN 
~SURTINMIT)•~RI 
NASCT fN~ lT)•NQO 

500 CONTINU[ 

are executed when the intersect of the last body and RIN of the present body do not occur simultaneously . These statements test the RIN intersect against the intersect distance to the last body tested. If RIN is greater, control is returned to the beginning of the DQ_loop to test the next body. If RIN is less, it is compared with XP. If XP is greater than or equal to RIN, control is passed to test the ROUT distance. If RIN is greater than XP, the variable SM is equated to RIN to represent the shortest distance to the next intersect of the bodies tested. The body number of the intersect is assigned to NASC , and the variable LSURT is set positive for the intersect occurring at an entering surface. Control is then passed to the beginning of the DO loop to test the next body. 
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The statements 

•RITE (6 t90illR 
WRITE C6•90]IX8eW8t~LOOPt~80tLAltLA0,NHITtL00P 

onTo 100 

TN 4565- 3-71 Vol II 

determine if an intersect after XP was found after testing all of the bodies 

in the region. If no inter sect was found,an error message is printed and 

control is passed to the error diagnostic print section. 

The statements 

c 
c 1 1 cnMPUT! NEW COORDINATES OF POINT XP AND A£YISE DISTANCE TRAY[LLEO 

c 
530 Sl•Sl•S~·OIST 

OTST•SM 
~P(}l•XBCll+SM•WBCll 

XPI21•XBI2l•SM•WB(Z) 
XPCJ)•XB(JI+SM•WB(Jl 

update the cumulative distance that XP has travelled to tbe next intersect, 

after all of the bodies in the region have been considered. The point XP 

is also relocated to the next intersec t. 

The statement 

c 

determines if this subroutine has been called by Subroutine CALC to find the 

normal distance. If the computations are for the normal distance, control is 

returned to Subroutine CALC. If this subroutine was called to find the 

distance to the next region, the following DO loop is executed to deter­

mine the region where point XP is now located. 
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The s t atement 

c 
Ct8 OETEAMJNE REGION THAT POlNT lP NO• IN c 

begins a DO loop which will scan the table of hits prepared by the previous DO loop to determine the region where point XP is now located. 

The statements 

NASC •NASCT(NN) 
LSURF•LSURT<NN, 
LlAUE•o 

are used to assign the body number of the hit being considered to the variable NASC. The sur face number of the hit is assigned to the variable LSURF, and the variable LTRUE is initialized to zero. LTRUE is set to one by Subroutine WOWI if XP is located in the region passed t o Subroutine WOWI by Subroutine Gl . 

The s t atements 

c 
Ct9 cnMPUT£ LOCATION O' lNTEASECTEO BODY OAT& e 

LnC•LBOOY•J•(NASC•ll 
LOC• LOC•l 

c 
C'O qETAIEV£ LOCATIONS OF AEBION fNllA/~EAVE TAGLE fOR BODY c 

ClLl UN2(l0C•LENTeLEAVI 
LOC•LOC•l 

c 
C'l ~ETRtEV[ NUMBER OF REGIONS IN [NTRV LlST AND [XlT LIST c 

retri eve the location o£ the body data for the body being tested; then,using this location,retrieve the locations of the entrance and exit lists. The total number of regions that XP can be in when it is either entering or leaving the present body is then retrieved. 
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The statements 

e 
Cl2 CO~PUTE THE BEGIN AND END OF LlST 
c 

!FILSURFtLEeO J80TO 600 
Jl•LENT 
J2•LENT•NENT•t 
OOTO &10 

600 Jl•LEAV 
JZ•L£AV•N£AY•l 
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determine if XP is at an entering or leaving surface of the body under test. 

The variable Jl is assigned to the location of the start of entry (or exit) 

list, and the variable J2 is assigned to the location of the end of the 

entry (or exit) list. 

The statements 

e 
C'l A~Y REGIONS lN LIST OA IS RAY LEAVING APP 
c 

610 JAPAt~eMASTEACJZ) 
t~CJleLEoJzJ GOTO 620 
I,CNASCoGT,NRPPJGOTO TOO 
lFCLSURFl6JO•T00•700 

are used to assign to the variable IRPRIM the last region number from the 

region table for later use in the error diagnostic section if there is an 

error in the region table. The beginning of the enter (or leave) list is 

compared to the end of the enter (or leave) list. If there are entries in 

the list, control is passed to determine which region the ray is entering. 

No entries in the list indicate that the ray is l eaving the RPP. Since solid 

numbers are always larger than the number of RPP's, a comparison is made 

between the variable NASC and the variable NRPP to verify that the ray is 

leaving the RPP. If the variable NASC does not represent the current RPP, 

there is an error, and control is transferred to the error diagnostic section. 

If the variable NASC does represent the RPP solid number , a further test is 

made to verify that the ray is leaving the RPP by testing the variable LSURF 

for a negat ive condition. If not negative, there is an error. If negative, 

control is transferred to find the number of the abutting RPP. 

The statements 

c 
C~4 OETER~INE REGION POINT XP NOW ENTERING 
c 

620 0" 625 J•JltJ2 
yRPRt~•MASTER IJI 
CALL wOWICIAPRIMtLSURFtNASCtLTAUEI 
IFILTAUEoGT,olGOTO 65~ 

6z5 CnNTtNUE 

test all of the regions in the enter (or leave) list against the current 

location of point XP by calling Subroutine WOW! for each region until Sub­

routine WOW! returns with the variable LTRUE set to one. This indicates that 
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point XP is in the region just passed to Subroutine WOWI. 

The statement 

RAV LEAVING APP 

lF(NlSC.GT.NAPP)OOTO ~40 

is executed if the previous DO loop could not l ocate a region for point XP. This statement therefore de termines if the current body is an RPP or other body. If other than an RPP, control is transferred to examine the next hit in the hits table . 

The statement 

is executed if the previous test determined that the current body was an RPP . This statement therefore tests the variable LSURF to determine if the ray is leaving or entering the current RPP. If leaving (LSURF negative), control is transferred to find the number of the abutting RPP. If entering, control is transferred to examine the next hit in the hits table. 

The statement 

is used when the ray is leaving the current RPP to compute the number of the RPP that the ray is entering . 

The statements 

IF(JRP.GT•o iGO TO 6Jl 
tRPRl~•o 
RETURN 

test the RPP number that is returned by Subroutine RPP2. If Subroutine RPP2 returns with a zero value, the ray is to be terminated or there is no abutting RPP. Region variable IRPRIM is set to zero, and control is then returned to the calling program. 
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The statements 

c 
C~6 RETRIEVE LOCATION/NUMAEA OF REGION ENTER ~IST 
C COMPUTE BEGINNING ANO END OF LIST 
c 

631 LTRUE•O 
L~C•LBODY•)•tJAP•\J 

Ll'lC•LOC•l 
CALL UN21LOC•LENT,LEAVI 
LOC•LOC•l 
CALL UN2 (LOc•NfNTeNEAVI 
Jl•LENT 
J2•LENT•NENT•1 
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are executed when Subroutine RPP2 returns with the number of an abutting RPP. 
These statements set the variable LTRUE to zero and retrieve the location of 
the body data of the new RPP, from which the locations of the region entry list 
and the number of possible regions for the entry list are computed . 

The statement 

determines if there are any regions listed in the entr y list. No entries 
indicate an error in the entry list. 

The s tatements 

c_ 
C'T DETERMtNE RE GION POINT XP NOW ENTERING IN NEW APP 
e 

OIJ 632 J•Jl , J2 
JRPRI!o4•MAST€~ IJI 
CALL WOwittRPRJM•LSUAFeiAPeLTAUEl 
JFILTRUEoGT.o tGOTO 650 

632 CONTINUE 
640 CONTINUE 

GQTO TOO 

test the region in the enter list against the current location of point XP by 
calling Subroutine WOWI for each region in the list until Subroutine WOW! 
r eturns wit h t he variable LTRUE set to one . This indicates that point XP is 
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in the region just passed to Subroutine WOWI. If no region is found from the 
enter list, control is returned to the beginning of the main DO loop to analyze 
the next hit in the table of hits. If no region has been found after analyz­
i~g all of the hits in the table of hits, an error has occurred. 

The statement 

c 
C~8 R[GION PO I NT XP [NTERtNG HAS 8E[N OETEAMINEO 
c 

650 IF!tR,[OalRPRIM>GOTO 660 

begins the section for testing the region where XP is located when that region 
has been located. This statement is used to determine if the region where 
point XP is now located is the same as the region at the last location of 
point XP. 

The statements 

IFISloEO oOolGOTO 660 
IF!Sto~T,o,)GOTO 100 
IFIABSC51) . LfoloOE• b>GnTO 660 

are executed if point XP has entered a new region. These statements therefore 
test the distance travelled through the previous region to determine if it is 
zero, less than zero, or very nearly zero. If the distance is zero or very 
nearly zero, control is transferred to update the region identifier and con­
tinue the ray. If Sl is less than zero, an error has occurred. 

The statements 

lFCIVOLU"oEOoiYESIRETIIRN 
I~ tlTESTO oEOolYESIAETURN 

determine if either Subroutine VOLUM or Subroutine TESTG called Subroutine Gl 
by comparing the variables IVOLUM or ITESTG with the variable !YES. If 
IVOLUM~l (IYES=l), Subroutine Gl was called by Subroutine VOLUM, and control 
is returned to Subroutine VOLUM; if ITESTG=l, Subroutine Gl was called by 
Subroutine TESTG, and control is returned to Subroutine TESTG. 
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The statements 

g~9 AETRI£YE SPACE AND CO"PONENT CODE 0~ ~EGlON 
c 

LnC•LlRFO•IA•l 
CALL U~2ll.OC•lCOOE•tDENT) 
l.OC•LtRFO•IAPRlM•t 
CALL UHzlLOCtlCOOEt•lDENTtl 
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retrieve the component codes (ICODE and ICODEl) and the space codes (!DENT 

and IDENTl ) for the region where point XP was previously located and for the 

new region where point XP is presently located . 

The statement 

determines if the space of the previous region is exterior volume by testing 

space code variable IDENT for a value of one. 

The. s tii temen ts 

l'ltOENT•EQ.IOENTtiGOTO 660 
RETURN 

are executed if the previous region of point XP was i nterior volume. These 

statements determine if the space codes of the previous region of point XP 

and the present region of XP are identical. If the space. codes are identical, 

control is transferred to update the region identif ier and continue the ray. 

If the space codes are not identical,control is returned to the calling 

program. 

The statement 

is executed if it was dete rmined that the. previous region of point XP was 

exterior volume. This statement therefore compares the. component codes of 

the two regions. If the component codes are different, control is trans­

ferred to the calling program. 
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The statements 

660 tR•tRPAJM 
GOTO 20 

update the region identifier to the region where point XP is now located if 
the two regions are found to be identical, or if distance (Sl) through 
the previous region is zero or very nearly zero, or if the space codes of the 
two regions for interior volume are equal, or if the component codes o f the 
two regions for exterior volume are identical. After updating the region 
identifier to the present region,control is transferred to the beginning of 
this subroutine to continue tracing the ray through the region. 

The statements 

c 
C10 START OF ERROR OIAGN05TIC SECTION 
c 

700 lERR•l[RR•\ 
•AITE t6t9041J[RA 

are the beginning of thP section of the subroutine f or diagnostic erro r 
printing. These statements are executed when an error has occurred in the 
subroutine. Therefore, the variable IERR for the number of errors in Sub­
routine Gl is increased by one,and an error message is printed out. 

c 
~11 
c 

The statements 

C~MPUTE GRI D CELL NUMBER 1' 01 ~OT CA~L£0 ~y VOlUM OR TESTG 
IFCIVOLUM,[Q,JYES,oA,JTESTG,[Q,IYES)GOTO 705 
I~•ABSC"ICELSlZ l•e5 
l' t~olToOe l l~••lH 
lV•ABSCV/CElStl 1••5 
IFIVelT•O•llV••lV 
WRITE 16t90!IIH•IV 

compute and print out the horizontal cell number and the vertical cell number 
if this subrout ine was not called by either Subroutine VOLUM or Subroutine 
TESTG. 
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The statement 

is used to print out various program parameters of Subroutine Gl for error 
checking. 

The statements 

c 
C12 CO~PUTE COORDINATES 0~ XP AT TIME 0~ EAAOA 
c 

~80Cl)aX8Cl)•OlST 
X80(2)•X8(2)•DIST 
X80C3)•XBCJ)•OIST 
wRITE C6t9o7)X80eOIST 

compute the coordinates of a point relative to XB, the location of the start 
of the ray in the region, and the distance, DIST, that XP has travelled into 
the region at the time of the error. 

The statements 

wRITE C6t908) 
NN•N80, Y •NRPP 

print column headings for the error diagnostic table that is to be prepared 
by the following DO loop. The limit of the DO loop is also computed as the 
total of the number of bodies plus the number of the rectangular parallelepiped 
in the region. 

The statement 

~l3 PRINT OUT PERTINENT DATA FOR ALL 8001[5 IN R!GION lNTERSECT[O 
C 8Y RAY FOR ERROR ANALYSIS 
c 

on 7SO l•leNN 

begins a DO loop which scans all of the solids in the region to find those 
intersected by the present ray. 

The statements 

LOC•L!O•I•l 
CALL UNJCL0Ctlt•12•1ll 
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retrieve the KLOOP value that was s tored for the solid earlier in the 
subroutine when the int e rsected s ol id was locat ed and i ts RIN and ROUT distance computed and stored . 

The statement 

determines if the current solid was intersected by the ray. If not, control is returned to the beginning of the DO loop to test the next solid. 

The statements 

t J K•l.AJN•l• t 
RI,.• ASTEAIIJK I 
lJK•LAOT•l•l 
RCIUT•ASTEA ( IJK) 

retrieve the RIN and ROUT values of the solid when one is found that was intersected by the ray . 

The statements 

I'IRlN,N[,ROU TIGOTO 710 
WRITE t ••9tOlRlNtt 
GOTO 7!0 

compare RIN with ROUT for the current intersected solid. If the values are equal, an error has occur red and an e r ror message is printed out. Control is then returned to the beginning of the DO loop t o consider the next solid . 

The statement 

c 

determines if t he ray had an entry poi nt on the soliu. If t here was a RI N of the solid, the program branches to compare RIN and the distance to the previous intersect before the error occur red . 
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The statement 

is executed if the previous IF statement determined that the ray did not enter 
the solid. This statement therefore tests ROUT for an exit intersect. If 
there is no exit intersect,there is an error in the program,and control is 
returned to test the next solid. If an exit occurred,the ray originated 
within the solid,and control is passed to a WRITE statement for output of 
information on the solid. 

The statements 

720 IFCRlN•OlSTI7JO•l44t7•! 
730 I'IROUT•OlSTI74lt742•743 

are executed if the solid has an entry intersect. The first statement com­
pares RIN and the distance, DIST, to the previous intersect before the error 
occurred. If RIN is greate~ the ray will hit the present solid. If RIN is 
equal to DIST. the ray was entering the present solid. If RIN is less than 
DIST, control is transferred to compare ROUT with DIST. The comparison of 
ROUT and DIST reveals that the ray was in the solid when the error occurred 
if ROUT is greater, or that the ray has hit the solid if ROUT is less, or 
that the ray is leaving the solid if ROUT and DIST are equal. Whichever 
condition has occurred is printed out, and control is transferred to test 
the next solid. 

The statements 

c 
740 WRITE C6t9111RINtROUTtl1tlZtl 

GOTO 750 
74) WRITE C6t912)R1NtROUTtlltlZ•l 

GOTO 7!0 
742 WRITE C6t9tl)RlNtAOUTtll tl2tl 

74] 
GOTO 750 
WRITE C6t914)RlNtAOUTtll•l2tl 
GOTO 790 

744 wRITE C6t9l!IRINtAOUTtlltlZtl 
GOTO 7~0 

14! WRITE C6t916)RlNtAOUTtlltiZtl 
c 

1!0 CONTINUE 
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print out the applicable results of the previous diagnostic tests. After the printout, control is returned to the beginning of the DO loop to test the next body. 

The statements 

W~ITE 16•917)1ERA.I!RAelfAAti[AA 
t~PAIH•• l 

print out the number of errors that have occurred in Subroutine Gl and set the region variable IRPRIM to -1 to indicate to the calling program than an error has occurred . 

The statements 

c 
800 l'tl[RA.GE.NG\£AR)WAIT! (6 t 918JHGl[AA 

~[TURN 
!NO 

c 

compare the number of errors that have occurred in Subroutine Gl with the limit of Subroutine Gl errors. If the number of errors is greater than the limit, an error mes~age is printed. Control is then returned t o the calling program . 
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Subroutine WOWI(JREG , LSURF,NEX, LTRUE) 

This subroutine is used to determine if a given poin t lies wi thin a r egion 
when given a point, XB, and a region, JREG . That is, WOW! determines which of 
the possible regions actua11J has been entered by the ray. The subroutine 
determines if given point XB satisfies the description of region JREG by testing 
each body in JREG against the following rules: 

1 . A (+) operator is valid if ROUT> 0 and RIN < DIST < ROUT. 

2. A (-) operator is valid if ROUT < 0 or DIST < RIN or DIST > ROUT. 

3 · An (OR) operator is valid only if every (+) and (-) within the 
(OR) statement is valid . 

4. A region description containing one or more (OR) statement s is 
satisfied if any one of the (OR) statements is valid. 

5 . A region description containing no (OR) statement i s satisfied only 
if every (+) and (-) operator is valid . 

6. A sufficient condition for point XB to be a region JREG is that the 
region description of JREG be satisfied. (Two regions cannot be 
satisfied for the same point.) 

The statements 

DI MENS I ON MAS TERI \ OOOn) 
COMMON AS TER ( lOOOO l 
CnMM0N / PAREM/X8C))t W9 (] ) tiA 
COMMON/GEOMI~BASEeRlN tROUT e LAi t LRO tPIN'tl[AAtOIST 
cOM~ON/UNCGEM/NRPPtNTAIPtNSCAltN80D, ,NAMaltL!AlPtL5CALt~A£8D• 

1 LOATA tLR IN tLROT tLl0tLOCDA•Il5tllOtLIOOYtNASCtKLOO~ 
C0MM0N/0AVtS/JGRIOt L00PtiNORM 
COMMON / WM I CH/N80 

dimension the MASTER array and pass information into and out of the subroutine . 

The statement 

sets the MASTER array equivalent to the ASTER array. 
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The statement 

c 

is a format statement for an error message to be used later in the subroutine. 

The statement 

c 

is used to set LOC to the location of the region data in the MASTER array of 
the region to be considered. 

The s t atements 

c_ 
C\ RETRIEVE NU~BEA 0' BODIES lN A[8JON AND LOCATION 0' C OPERATOR/800Y LIST 
c 

CALL UNZ I ~OCtLOCO,NCl 
c 
C1 ~ET,IEVE FIRST OP[AATORIBOOY 'ROM LlST c 

CAL~ UN2CLOCOelOP,N80' 

retrieve the location of the region da t a, the number of descriptors in the 
region being considered, the operator of t he first descriptor , and the solid 
number of the first descriptor. 

The statements 

initialize to the first descriptor and assign t he operator of the fi r st 
descriptor to a different variable name which will represent the operator 
part of each different descriptor. 

The statements 
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c 
c~ 
c 

RETRIEVE ENTER AND EXIT SURFACE NUMBERS AND NUMBER Qr LAST RAY 

10 TTEMP•LIO•NBO•l 
CALL UN3CITEMPtLRitLA0eLOOPI 

retrieve the entering surface number, the leaving surface number, and the 
value at location LOOP. 

The statements 

c 
C4 RETRifVE BODY TYP~ AND LOCATION OF DATA 
c 

JTEMP•LBODY•J•CNBO•ll 
CALL UNZC I TE~PtiTYPEt LOCOAI 

compute and retrieve, from the body data, the type of body (ITYPE) that the 
solid number (NBO) now being pr ocessed represents. 

The statement 

tF CLOOP.NE . KLOOPJOOTO ]0 

is used to determine if RIN and ROUT for the current solid have already been 
computed. If not, control is transferred to compute RIN and ROUT for the 
body type under consideration. 

The statement 

lFfiTYPEtGT,lliGOTO 40 

is used to determine if the number of the body type is valid. If it is not, 
control is transferred to print an error. 

The statements 

c 
C~ RETRIEVE RIN AND ROUT ,OR CURR[NT 80DV 
c 

IJK•LRtN•NBO•l 
AlN•ASTERCIJK I 
IJK•LAOT•NBO•l 
R~UT•ASTERCIJKI 
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retyieve the values of RIN and ROUT if they have already been con1puted. 
The statement 

t~CITYP[ oLT•l O)GOTO ~10 

determines if the type of body for the retrieved RIN and ROUT is a torus or an arbitTary surface, since these two bodies can have mo r e than one RIN/ROUT set. 
The statements 

c 
CA tS NEXT AIN/ROUT !ET REQUIA[O ,oR TOR OA •AS c 

l'CROUT.LT. O.) GOTO 400 I'COlST.LEeROUT)OOTO JlO 

determine if the ray misses the torus or arbitrary surface . If the ray inter-sects, a test is made to determine if the computed distance is greater than ~ the present ROUT for this body. A ROUT less than the distance indicates that the point along the ray is past the recorded RIN/ROUT set . The subroutine theTefore computes the next RIN/ROUT set , if any. If the distance is less than the stored ROUT, control is transferred to compute the distance to the next intersection. 

c 

The statements 

ln ~At•t 
LRO•l 
tTY•ITYPf•) 
JFCITY.GE•t••NO•ITY.~f•12)80TO 100 

initialize the entering and leaving surface numbers to one , increment the body type to avoid a zero index in the following computed GOTO shatement, and test the body number to determine if it is a valid number. If not. an error is printed out. 

314 



TN 4565-3-71 Vol II 

The statements 

40 lfRR•lEAR•t 
WRITE C&•9otJlTYP[ 
R!TUAN 

are used to print out an error message if the body number is not valid , and 

then to the calling program Subroutine Gl. 

c 
C1 
c 
c 

1no 
110 

120 

130 

140 

150 

160 

170 

190 

190 

200 

210 

220 

The statements 

COMPUTE RlN/ROUT FOR cURRENT 900Y 

APP BOX SPH RCC REC TAC ELL RAN ARB TEC TOR AAS 
GnTnCltO •l20•llO•t4o•lSo•l60•l70tl80t l90t200 '210•220)t1TY 
CALL RPPCNBOI 
GOTO 300 
CALL. BOX 
GnTo JOO 
CALL SPH 
onTo Joo 
CALL RCC 
GnTO 300 
CALL AEC 
onTo Joo 
CAl.L TRC 
OOTO 300 
CALL ELL 
GnTO 300 
CALL RAil 
onTo JOO 
CAL.L A~8 
GOTO 300 
CALL TEC 
GOTO 300 
CALL TOR 
anro loo 
CALl. ARS 

are used to transfer control to a statement that calls the body s ubroutine for 

the body being considered . . 
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The statements 

c 

a r e used to pack and stor e int o one word the entering surface number, t he 
leaving surface number , and t he current value of KLOOP a t a locat i on accord­
ing to the body number. 

The statements 

c 
C~ DETERMINE CORHECT RIN/ROUT AND STORl IN AIT£M AAAAY 
c 

c 

c 

Jtn lFCROUToLE. OoiGOTO JJn 
IF C &8SI~IN-O lSTieGT•DIST•t•OE•61GOTO lZO 
RIN•OIST 
GnTn 330 

IFIABSIROUT•Ol5TI.LE•O tST•l•OE•6)AO~T•OJST 

330 IJK•LRIN•NBO•l 
.STER I IJKl•RlN 
IJI<•LROT•NBO•l 
lSl[AilJKI•ROUT 

deter mine if the ray hits the body. If not, control is transferred to store 
RIN and ROUT for a miss . If the r ay inter sects the body, i t is det ermined 
whether the next intersect was a RIN or ROUT. RIN or ROUT are equated to the 
distance , and the values of RIN and ROUT ar e s t or ed in the ASTER array 
accord i ng to the body number. 

The statement 

c 
Cq TEST CONDITIONS FOR t>o tNT XB IN REGION UNOt:A TEST 
c 

determines if the operator of t he pres ent body is a (-) by testing for a 
gr eater than 4 condition . The number s 5- 8 represent (-) oper a t ors ; 1- 4 
represent (+) operat ors . The number s 1 or 5 also repr esent (OR) ope r a t ors . 
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c_ 
C10 
c 

The stat ements 

( +) OPERATO~ TEST 

IFCRIN,GT,OIST) GOTO 700 
IF CDIST•AOUT)600 t 700 t70 0 

TN 4565-3- 71 Vol II 

POINT ~~ 1N BOOY 

are executed if it was determined by the previous test that the operator was 
a (+). These statements test for a valid (+)operator by testing for RIN ~ 
distance > ROUT and ROUT > 0 . If these conditions are not satisfied, the 
program branches to test for an (OR) operator condition. If these conditions 
are sati sfied , the progr am branches to check the next body in t he description. 

The statements 

c 
Ctl 1•1 OP!RATOA TEST AOUT,~E . O OR O l~T.~T,AlN OR O!SreG£•AOUT 
C POINT K8 OUTSIDE OF anoY 
c 

500 IFCAOUT•LE eO e i GOTO 60 0 
IF IOIST.LT , AI NIGOTO 6 0 0 
IF(OIST,£Q,RIN)GOTO 7oo 
IFCOIST.~T.AOUT l GOTO 7 0ft 

are executed for a (-) operator condition to test for ROUT~ 0 or distance 
< RI N or distance > ROUT. If any one of these conditions is true, the 
program blanches to check the next body in the description. If one of the 
conditions is not true and RIN ~distance < ROUT, the program branches to 
test for an (OR) operator condition. 

The s t a t ements 

c_ 
CtZ CHECK N[•T BODY IN OP!AATOR/800Y LI ST 
c 

600 t'CNeG[eNC IGOTO 8 00 
N•N•l 
LOCO•LOCO•t 
CALL UNZ(LOCO•lOPEA t NRO I 
I'CtOP£AeEQ•l•OR,JOP£A , [Q,siOOTO 800 
GOTO 10 

are execut ed if either a valid (+) or (-) operator was found. These statements 

check if t he last body in the r egion is bei ng consi dered and, if true, branch 

317 



TN 4565-3-71 Vol II 

to indicate that point XB lies in the region presently being considered. 
If the last body in the region is not being considered , the next body and 
operator are located and retrieved and tested for a 1 or 5 to determine if 
there is an (OR) operator . If so, point XB lies in the present region 
since a region descr iption is satisfied if any one of the (OR) statements 
is valid. If there is no (OR) oper ator, control is transferred to the 
beginning of the subroutine to process the next descriptor . 

The statements 

c 
c;l (ORI OPER4 TOR TEST 
C ALL C•l OR (-1 IN CORI SERIES "UST ~E VALlO 
c 

100 lFCtOP.NEolo4N0olOPoNE.S. A[TUAN 
IFC N oG[tNCI~ETURN 
N•N•l 
on 710 NN•N•NC 
LOCD•LOCD•l 
CALL UN2(L0CO•lOPEAtN~Ol 
lf(lOP(RoEQ.}. OR,JOPE~.EQ.SIGOT O 7 ~0 

11 0 CONTINUE 
RETURN 

120 N•NN 
GOTO 10 

are execut ed if the test on a (+) or (-) operator was not valid . These state­
ments test for an (OR) operator; if not an (OR) operator, control is 
returned to the calling program with the result that point XB is not in the 
present region. However, if the test reveals an (OR) operat or, and the present 
body is not the last descriptor in the region, the next body and operator are 
located and retrieved. The new operator is t es t ed for an (OR) operator; if 
there is an (OR) operator, the search of the descriptors in the region is 
continued until either a (+) or (-) operator is f ound, or until a ll of the 
descriptors have been tested. If a (+) or (-) operator is not found, control 
is returned to the calling program with the result that point XB is not in the 
present region. If a {+) or (-) operator is located for a descriptor within 
the present region, control is transferred to the beginning of the subroutine 
to process this next descriptor. 
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The statements 

c 
Ct4 POINT XB WITHIN CUAAENf REGIONe LTR~E • 1 
c 

c 
c 

800 LTRUE•LTRUE•l 
qETUAN 
[NO 

~ 4565-3-71 Vol II 

set LTRUE to one and return to Subroutine Gl with the result that point XB 
lies within the present region being considered. 
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Subr outine RPP(NBO) 

This subroutine is used to compute the intersect~on of a ray with a 
rectangular parallel epiped as depict ed in t he following figure: 

X ---
min 

X 
max 

___ z 
max 

" ­WB y 
------------z min 

X intersect point on body 
/ XB starting point of 

/ 
/ WB direction cosines 

I 
/ RIN distance to y 

intersect max 

ROUT distance to 
intersect 

FIG. 60. Rect angular Parallelepiped 

The statements 

DtMENStON PR I6lt LRI6l , l(SI 6) t L.S TI6 1 
DIMENSION ~ASTER I 1 0 0 00l 
CO~MON ASTF.Ri lOO OOl 
COMMON/PAA[M/18(3 l t WBC31tiR 
C0MMON/G[0MILBA5EeA INtAOUTt~RitLAOt~IN,ti[RA tOIST 
C0MMON/UNCGEM/NAPPtNTAIPtNSCALtN800Y tNANAitLTRlP tL5CAL t~AfBO t 

1 LDATAtLAINtLROTtLI0eL0CD&ti1StlJOtL800Y tNAICt ~LOOP 

entry 

exit 

are used to dimension arrays and pass information into and out of th is 
subroutine. 
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The statement 

is used to set the MASTER array equivalent to the ASTER array. 

The statement 

c 
901 FORMATC)H0t12~ERAOA IN APP/4H L ••I10t5Xt4HNIO••llOt5ltlHIA•t 

1 llOI4H XB••lE20ol014H Wl••lE20•l014H PA•t6E20•l0/4H LR•t6llol 

is a format statement for an error message later in the subroutine. 

The statements 

c_ 
C1 SET UP SIX ~EHBEA ARRAY TO AEPAEIEN! COORDINATE PAIAS 
c 

LSTCll•l 
LSTIZI•l 
LSTC31•2 
L.STf4,•2 
LST (51 •3 
LST 16,_3 

are used to set up a six member array to denote the x, y, z pairs, respec­
tively, of the RPP. 

The statements 

L•O 
PPC1I•o• 
PA(2l•o• 

are used to initialize subroutine variables to zero for later use in the 
subroutine. 

The statements 
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c 
~2 RETRIEVE THt SI X &OUNOAAlES 0, TH( ~pp 
c 

00 10 l•lt6 
XS C l) •S CNBO• 0 

to coNTINur. 

constitute a loop whicb retrieves, using Function S(I,N), the l ocation in1 
the ASTER a r ray of the coordinates of the six sides of the rectangular 
parallelepiped and stores them in a six- element array as follows: 

XS(l) = X min 

XS(2) X 
max 

XS(3) = y 
min 

XS(4) = y 
max 

XS(5) = z min 

XS(6) z 
max 

The statement 

c 
1)0 1 0 0 1•1 '6 

is used to start a loop which will compute t he r ay intersections (if any) and 
the distances from the origin of the ray to tbe intersections with the RPP . 

The statement 

is used to assign the value of LST(I} or f ace pair number to the variable II 
for use as a subscript. 

The statement 
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is used to compute the value of (XS1 - XBJ) for the equation 

XS1 XBJ 
s - --=-----~ 

I 
WBJ 

where 

J 
1 
2 
3 

1 
1,2 
3,4 
5,6 

SI is the distance from XB to the intersection point 

XS
1 

is a bounding plane of 

XBJ is the XB , XB or XB 
X y 

WBJ is the WB , WB 
X y 

The statements 

IFtWBIJl)) lO•lOOtlO 
20 l'tTE~P)-OtlOOtlOO 

or 

l~ IFtTEMPoLEoOotGOTO 100 
40 TAY•TE~P/Wetilt 

WB 

z 

z 

the RPP 

coordinate of XB 

direction cosine of WB 

(2) 

are used to determine if the direction of the ray is away from or toward the 
plane in question . If away from the plane (Sr is negative), a return is 
made to the beginning of the loop, and a new plane is then considered. If 
toward the plane (S

1 
is positive), the distance to the plane is computed by 

Equation (2). 

c c. 
c 

The statements 

0('\ 60 J•t•l 
IFtJeEOt ltGOTO 60 

COMPUTE INTERSECT/PLAN[ COORDINATE 

XAY•XBtJ)•TAY.W9(J) 

DETERMINE lF tNTERSEeT OCCURS WITWIN BOUNDARY OF PLAN[ 

tF(CXSCZ•J•l)•XAYt•c-AV•l$CZ•Jf)oLT!Otf80TO 100 
60 CONTI~UE 

323 



TN 4565-3-71 Vol II 

constit ut e a loop which computes t he inter sect point XIC for the plane being 
considered from the equation 

(3) 

This intersect point is then tested to determine if it lies within the con­
fines of the bounding planes according to the equations (for an intersect point 
on an X plane) 

y < y < y 
min- C- max 

z < z < z 
min - C - max 

(4) 

where YC and ZC are the y-z coordinates of the intersect point on the X plane 
being considered. 

The statements 

c 
C~ CONPUT! DISTANt£ TO INTERSECT POINT 
c 

PRCL ) •TFIY 
L.RCL. ) •t 
t'CL. •EO•Z ) GOTO 130 
t' CL eL Tez )GOTO 100 

are used to s t ore the distance, Sr, to the intersect point on the plane and 
the surface number of the plane with the intersect point. A test is also 
made to determine if two planes of the RPP have been intersected (the maximum 
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possible number). If not, a return is made to the beginning of the loop and 
a new plane is considered. If two planes have been intersected, an exit 
from the loop is perfonned to co~pute the values of RIN and ROUT. 

The statements 

WAITE C6t90l)ltNBOtlA•X8t~ltPAtLR 
AOUT••PlN' 
RETURN 

are used to output an error message along with some program values. 

The statement 

100 CONTINUE 

is used to return control to the beginning of the loop if all six bounding 
planes have not been considered. If the six planes have been considered, 
control is passed out of the loop to the next statement. 

The statement 

GOTO 160 

is used to pass control to another part of the subroutine after all six 
bounding planes of the RPP have been considered. 

The statement 

c 

is used to determine if the distance beDween the intersect points is less 
than a very small minimum value,such as an intersect taking place on a corner. 
If the distance is large enough, RIN and ROUT and the entering and leaving 
surface numbers are determined. 
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The s t atement 

is used to determine which of the intersect points is RIN and ROUT. 

The statements 

UO AIN•PA C l) 
L.AI•LAClt 
AOIJT•PA C2t 
I.AO•IACzt 
A[TU•t,~ 

1!50 AtN•IACzt 
I.AI•I..R(2) 
AOIJT•PAI1) 
I.AD•I.A(lt 
A !;TURN 

are two identical groups of statements which compute the values of RIN, ROUT, 
the entering surface number, and the leaving surface numbe~depending upon 

I the results of the previous test that determined which of the intersect 
points was RIN and which was ROUT. When the computation is complete for 
either condition,control is returned to the calling program. 

The statements 

c 
160 lF CL.O!eltGOTO 180 

c 
C~ ASSIGN VALUE TO ROUT ,OR NO INTEAI[CTlON c 

170 AOUT .. PIN, 
A[TUAN 

are used t o determine if no i ntersection took place or if one inter­
section took place. If no intersection took place,ROUT is set to an 
extremely large negative value and control is returned to the calling 
program. I f one intersection occurred,control is passed to the next group 
of statements for computation of RIN and ROUT. 
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The statements 

c 
C& RAY OAtGlNATES WITHIN APP 
e 

180 AIN••PIN' 
LAI•O 
AOUT•PRll) 
LAO•LAfl) 
A[TUAN 

TN 4565-3- 71 Vol II 

are used to compute the values of RI N and ROUT when only one i nter section 
occurred , which means t ha t the r ay origi nates wit hin the RPP. Therefore , 
RI N is set to a n extremely lar ge negative value . The enter ing s urface 
number is set to zero , the value of ROUT is r ecor ded , and the l eaving sur­

face number is recorded. Con t r ol is then r eturned to the calling pr ogram. 

The statements 

c 
~~ D[T[A~INE IF AAY OAJOJNAT[S W I TMl~ R,_ 0A MIS$[5 
c 

c c 

lGO DO ZZO J•lel 
t~f XBCJ J eLT.XSCz•J•l ) )GOTO 170 
JftXBfJ)eGT. xs cz•JJttoTO 110 

220 cONTINUE 
GOTO 180 
END 

comprise a l oop to determine if the origin of the ray i s within t he RPP. 
If not, control is pass ed out of the loop where a miss is recorded . If 
the ray or iginates within the RPP, contr ol is passed to record the i nter sect 
point and surface numbers affected. 
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Subroutine BOX 

Subroutine BOX calculates the intersection distances (if any) of a ray in space and a box. The intersection distances, RIN and ROUT, are calculated by solving simultaneously the ray equation and the equations defining the sides of the box. 

The box is defined by a vertex, V, and three mutually perpendicular length vectors. These three vectors represent the height, width, and length of the box as shown in Figure 61. 

X 

FIG. 61. Box 

328 
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X intersect point of ray 

XB starting point of ray 

WB direction cosines of 
ray 

v vertex of box 

three mutually per­
pendicular length 
vectors of the box 

RIN distance to entry 
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ROUT distance to exit 
intersect 
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The statements 

DIMENSION MASTERClOOOO) 
COMMON ASTEAilOOOO) 
C~MMON/PAAEMI~BCJit.BCJ)tlR 
COM~ON/OEOM/LBASE,RlNtROUTtLAitLAOtPJN,tl[AAtOlST 
cnMMvN/UNCOEM/NRPP•NTAIPtNSCAL•N80D~tNAMAltLTAIPtLICALtLA£0Dt 

1 LDATAeLRINtLAOT,LIOe~OCOAtll5tllO•LB00YtNASCtKLOO~ 

are used to dimension arrays and pass information into and out of this 
routine. The statement 

is used to set the MASTER array equivalent to the ASTER array. 

The statements 

c 
Ci ~ETRJEVE LOCATION OF ROA V£AT[X ANO M\ COOADINAT~S 
c 

C•LL UN2CLOCDAelV,lH1) 
LOC•LOCOA•t 

R!TRIEV! LOCATION 0, 90X HZ ANO Hl ~OOAOINAT£$ 

CALL UNZILOCetH2tlH31 

are used to retrieve the pointers to the locations in the ASTER array of 
the box vertex and triplet coordinate values. 

The statements 

AIN••PINF 
ROUT•PtNf 

are used to initialize the variable RIN to an extremely large negative value 
and the variable ROUT to an extremely large positive value. 
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The statement 

is used to start a loop which will compute the ray intersection with the three 
pairs of opposite faces of the box. 

The statements 

In I•2t 11•12•13 
\1 I l•l 

Bnro 14 
12 tt•l 

onTo 14 
13 ti•J 

are used to assign a value to the variable II according to the pass number 
of the loop. The variable II is used later in the loop to compute the face 
number of the box. 

The statements 

are used to initialize the variables A, VP, and W to zero. 

The statements 

c 
C~ cn~PUTE VECTOR DOT PAonUCTS 
c 

on 15 J•l•3 
JV•IV•J 
JA•lHt•J 
VP•VP•CA5T!RCJV•ti•X8CJII•AST£AC~A·lt w•w•waCJt•aSTEACJ&•ll 
A•A•ASTEACJA•ll••z 

1!1 CONTIIIIUE 
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are used to compute the vector dot products required for Equations{8}and{9). 

(V-XB) . H I (WB ·H ) 
i 1 (8) 

{9) 

Thus 

--
VP = (V-XB) H • (V -XB )·H + (V -XB ) · H + (V -XB )·H 

i x x ix y y iy z z iz 

- - - -
w = WB . Hi = WR · H + WB · H + WB · H 

x ix y iy z iz 

- 2 2 - 2 
A = H . Hi = H + H +R 

i ix iy iz 

The statemenc 

tF0f)lO•l0•40 

is used to test the value of WB·H1 and branch accordingly. If WB•Ri is 
zero, the ray is parallel to the faces in question , and an intersection will 
not occur . 

The statements 

zo IFC•VP,~T.oo>OOTO ZOO 
l'l•VP•l)lOO'l00'Z00 

are used to test whether an intersection is possible with any other face. 

If (V-XB)"Hi is positive, an intersection with the box is not possible, and 

this routine is exited via Statement 200. 
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The statements 

c 
C4 C~MPUT[ ~OUT 
c 

l" CP•VPIW 
Ln•z•tJ•t 

are used to compute ROUTi for the face in question by Equation(8}and LO if 
WB·Hi is negative. LO will have the following values : 

LO = 3 for H.1 
LO 1 for H2 
LO = 5 for H3 

The statement 

IF' tC~tLE•O• )(~OTO zoo 

is used to test the sign of ROUT1 . If ROUT is negative, the hox is not 
located on the proper side of the ray initiation point, and the routine is 
exited via Statement 200. 

The statements 

C.,_•cVP•A)IW 
LI•LO• l 
GnTO 60 

are used to compute RINi for the faces in question by Equation(9)and LI. LI 
will have the following values: 

LI = 4 for Hl 
LI = 2 for H2 
LI = 6 for H3 

Execution transfers to Statement 60, and the computed values of ROUT and RIN 
are compared with the previously computed values. 
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c 
C~ C~"PUT! AOUT 
c 

c_ 
~' c 

•o CP•CVPdJ/W 
L.0•2•It 
I'CCP•Lf•O• JGOTO 200 

COMPUT! At N 

C~.YPJW 
LI•LO•l 

TN 4565- 3- 71 Vol II 

are used to compute ROUT! by Equation(9)and RINi by Equation(8)if WB•Bi 
is positive. If ROUTi is negative the routine is executed via St a t ement 200. 
LO and LI are given the following values : 

LO = 4, LI = 3 for Rl 
LO 2 , LI • 1 for H2 
10 = 6, LI = 5 for H3 

The statements 

60 I'CROUT.LE.CP JGOTO 10 
RnUT•CP 
LAO•LO 

80 IFCAIN.Gf•CM JGOTO 100 
AIN•CM 
l.Al•LI 

are used to compare the computed values of RIN and ROUT with the previously 
assigned values . If the computed value of ROUT is greater than t he previously 
assigned value, the new value is retained and LRO is updated to ident ify the 
face associated with ROUT. Similarly, the comput ed value of RIN is retained 
if it is less than the previously assigned value, and LRI is updat ed. 

The s t a t ements 

100 IHl•Htz 
tH2•1H] 

10~ CONTINUE 
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are used to increment the face descripti on vector s to select Dwo new faces, and t he computations are repeat ed until all faces have been examined. 

The statements 

are used to compare the values of ROUT and RIN. If RIN has the same value as ROUT, the routine is exited via Statement 200. I f RIN is less than ROUT, the execution returns to the calling routine wi th RIN and ROUT set at the computed values. 

e 

The statements 

ZOO RtN•Pt~~ 
AnUT••PINr 
R!TUAN 

are used to set RIN at an extremely large positive value and ROUT at an extremel y large negative value and to return execution to the calling routine. 
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Subroutine SPH 

The subroutine is used to compute the intersection of a ray with a sphere 
as depicted in the following figure : 

ROUT XB starting point of 

WB direction cosines 

WB v center of sphere 

R radius of sphere 

RIN dis t:ance to entry 
intersect 

ROUT distance to exit 
intersect 

FIG . 62. Sphere 

The statements 

COMMON ASTfPilOOOOI 
~OMNON/PAAEM/X8ll)tW813I•IR 
~nMM0NJGE0M/L8ASEtAIN•AOUTtLAI•L~O,PJ"' • I£AAtOlST 
C0MMON/UNCGEMINAPPeNTAJPtNSCAL•~OoftNAMAXtLTAlPtLICALt~A[8D• 

1 LOAT&tLAJNeLROTtLIOtLOCDA•IlStiJO•LBODYtNASCtKL~ ~ 

are used to pass information into and out of this subroutine. 

The statement 

c 
~i A!TAJEV£ LOCATION 0' SPM V!RT£l AND ~AOIUI 
c 

ray 

of ray 

is used to retrieve the locations at which the sphere's vertex and radius 
values are stored in the ASTER array. 

The statement 

equates the retrieved value for the sphere's radius to R. 
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tT£IIIP•tTEMP•1 
OX•XBCi)•AST£ACITEMP•l) 
OY•X8Cz)•ASTEACJT[MP) 
Ol•XSC]I•&STEACJT[MP•t) 

are used to compute the coordinates 

DX tXB -v 
X X X 

DX y =XB y -v y 

·nx =XB -v z ~ ;. 

The statement 

of the vector DX where 

--is then used to compute the dot product DX· WB,which is used in Equations (14) and (15) 

S = -B + 

where 

I ROUT ~ -ll + ~ I 
where B = DX·WB 

The statement 

-2 2 is used to compute the value of C according to Equation C • DX -R . 
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The s ta temen t 

2 
is used to compute the value B -C for later use within the subroutine when 

the square root function will be used. 

The statements 

e 
Cj AAY ORIGINATES WlTHl~ SPH£A[ 
c 

AIN••PJN' 
ROUT•SQATCOJSt•e 
A[ TURN 

are used to test if the origin of the ray is inside or outside of the sphere. 

If C is negative the origin is within the sphere. RIN is therefore set to an 

extremely large negative value , ROUT is computed and control is returned to 

the calling program. If the origin of the ray is external to the sphere, 

control is transferred to Statement 10 in the subroutine. 

The. statements 

c 
lG I~lOIS.GleO•tGOTO lO 

e~ ~AV MISSES SPHERE 
c 

AIN•PINf 
AOUT••PINr 
A[TUA~ 

are used to test if the ray intersects the sphere. If not, RIN is set to an 

extremely large positive value, ROUT is set to an extremely large negative 

value, and control is returned to the calling program. If the ray intersects 

the spher e,control is transferred to Statement 20 in the subroutine. 

The statements 

c. 
~· AAY INT!ASECTS SPH[A[ 
c 
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20 DIS•SQAT(D!S> 
A! N••&•DIS 
AOUT••a•DIS 
A(TUAN 

are used to compute the values of RIN and ROUT for a ray originating outside 
the sphere and intersecting the sphere. When RIN and ROUT are computed, 
contr ol is returned to the calling program. 
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Subroutine RCC 

This subroutine is used to compute the intersections of a ray with a 

right circular cylinder as depicted in the following figure: 

RIN 

XB starting point of ray 

WB direction cosines of ray 

WB 
v vertex of RCC 

B height vector of RCC 

X 

R radius of RCC 

FIG. 63 . Right Circular Cylinder 

The statements 
DIMENS ION Vl3lt~{J ) 

OlMENSTON MAST ERI \OOOn l 
COMMON ASl ERil OOOO) 
CO~"ON/PAREM/XBC)ltWBCJ)tiR 

co~MON/G!OM/Laas[,RIN•Rour,LAI•LAO,~IN'•IEAA•o
xsr 

COMMON/UNCGEM/NAPPtNTRIPtNSCALtNIOOYtNAMAXtLTAlPtLSCALtLA[GOt 

l LDATAtLRINtLAOT,LIOeL0COAtll5t1lOtL800YtNASctKLOO~ 

are used to dimension arrays and pass informa t ion into and out of this 

subroutine. 

The statement 

EQUIVaLENCE IAST[AtMAST[A) 

is used to set the MASTER array equivalent to the ASTER array. 

The statement 

Ci RfTAIEVE LOCATION 0' ACC Y[ATEl AND HEieHT V~CTOA COORDINaTES 

c 
CALL UN2CLOCOAtlV,IM) 
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is used to r etrieve f r om the ASTER array the pointer to the location of the 
coordinates for the vertex and the height vector of the right circular 
cylinder. 

The statement 

is used to retrieve from the MASTER array the location of the radius of the 
right circular cylinder. 

The statements 

c 
C1 RETRIEVE CCORD!NAT[S 0' Y[AT£X AN~ H[JIHT VlCTOR c 

HCli•UTERCIHI 
H (2) •AS TEA I IH•ll 
H(]I•ASTEAflH•ZI 
V(li•AST!RIIVI 
VI21•ASTERCtV•11 
Vf31•AST[RCIV•21 

are used to retrieve and fill two three- element arrays with the value of the 
RCC height vector and vertex in terms of the x, y , and z components. 

The statement 

c 
A•ASTE:Rc!RR) 

is used to retrieve the value of the radius of the right circular cylinder . 

The statements 

RIN••PJN' 
RnUhPIN, 
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are used to initialize RIN to an extremely large negative value and ROUT to 

an extremely large positive value. 

The statement 

c. 
C~ CnMPUT[ R SQU&AED 
c 

2 
is used t o compute the value of R . 

The statements 

LRO•D 
LAt•o 
TOP•O• 
PnT•O• 

are used to i nitialize the variables LRO, LRI, TOP, and POT to zero. 

c 
~1 
c 

The s t atements 

COMPUTf VECTOR OOT PA~OUCTS 

HHeHCll•HCl)+H(2).H(2)+H(l)•H(J) 
VPH•HCti•CVI11•K8Clii•HCZI•CVIZ)•~8(!))•HCl)•CVlJ

)•A8(JIJ 

WH•WBiti•HCl)•WBIZ)•HCz)•WB(Jl•H(J) 

COMPUTE COEFFtCtf~T 0' S SQUAA[O 

are used to compute the dot products H·H, H·(V-XB), and WB·H respec­

tively , and to compute the value of the numerator of T for use in solving 

Equations (22), (27), and (29). Equa t ion (22) is the equation for the distances to 

the intersect points on an infinite right ci rcular cylinder. Equations (2n 

and~~ are the equations for the distances to the intersect points with the 

planar surfaces. 
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2 f (WB·H)
2

] [WB· B· (XB-V) ·B - --J s Ll - - - - 2S - - - WB. (WB- V)J 
B·H H·H 

+ ~'XB-V)(XB-V) - [ {XB-V)•H]
2 

- R2] • 0 r H·B 

or 

2 
TS - 2A'S + ~ 1 = 0 

If 

A= A' /T , ~ = ~'/T 

Then 

2 
S - 2).S + ll : 0 

Solving for S gives 

Thus, possible intersect points (RIN and ROUT) for an infinite right 
circular cylinder are: 

I RIN - ). - " ). 2_\J 

I ROtrr = ). + ..J ).2-~ 

The possible intersect points (RIN and ROUT) for two planar surfaces are: 
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lf· (v-xs) 
sv = 

WB·H 

for the V pl ane and 

for 

s 
V+H 

the V+H plane 

RIN = s v 
and 

H • (V-XB) + H ·R 

WB ·H 

ROUT s 
V+H 

for WB ·B > 

RIN 5v+H 
and ROUT "' s v for WB·H < 

TN 4565- 3-71 Vol I I 

(27) 

(29) 

0 

0 

For WB·H 0, the ray is parallel to the two planes, and no intersect ions 

with the planes will occur. 

The statements 

oo 10 1•1•3 
TnP•TOP•welti• (~BC! I •V( l )) 
PnT•POT•CXBCli•VCIIJ••2 

10 CflNTINVE 

cons t itute a loop whi ch comput es t he values of WB • (XB-V) and {XB-V) 
2

, which 
will be used later in the subr outine to solve Equation (22) for S. 

The statements 

4MBD••HH• TOP•WH• VPH 
UM•IPOT•ASQI•HH•VPH••z 

are used to compute the value of the numerator of ). ', and the value of ll' for 

solving Equation (22). 
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The stat ement 

is used to test the value of the dot product WB·H to determine if the ray 
is parallel to the two p l anes (WB ·H = 0). 

The stat ements 

c 
C8 SOLVE 'OR RIN AND AOUT 0, P~AN[ INT~RS[CTIONI 
c 

•o CP•VPH/WH 
CM•CVPH•HH) / WH 
LCP•l 
LC~•Z 
GnTO 60 

~0 CP•CVPH•HH) / WH 
C~•VPH/WH 

LCM• t 
LcP•z 

are made up of two groups of instructions which calculate the distance from 
the ray origin to the intersect points on the tw~p~anes. The first group 
calculates the distances in terms of a negative~~H, and the second group 
calculates the distance in terms of a positive WB·H . The surface numbers 
of these two planes are also stored in a temporary location for later use in 
the subroutine. 

The statement 

60 1FCCP)300t80•80 

is used to determine if the ray is moving away f r om the two planes of the 
cylinder . If the distance to the intersect point of the ROUT plane is 
negative, the ray misses the RCC and control is passed to another area of 
the subrout i ne where the total miss condition is recorded. 
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70 cP•PlN' 
eM••CP 
l'CVPH.GT. o.IOOTO 300 
lF C HH•VPH)]00•90•~0 

TN 4565-3-71 Vol II 

are used if the ray is parallel to the two planes of the RCC . Temporary 
locations of RIN and ROUT for the two plane surfaces are f i rst set to a miss 
condition. Next, a test is made to determine if the V plane is above the 
ray . I f it is, an exit is made to the end of the subrouti ne where a total 
miss condition is recorded before return to the calling program. If the V 
plane is not above the ra~ another test is performed to determine if the ray 
is above the V+R plane. If it is, a total miss condition is recorded as 
before. If not, control is transferred to determine if the ray intersects 
the quadratic surface. 

The statement 

is used to determine if the absolute value ofT of Equation ~2)is less than 
or equal to a very small value, which indicates that the ray is parallel to 
the sides. 

The statements 

R1••PI NF 
Az•Pl~F 
OOTO 100 

are used to set temporary subroutine variables for RIN and ROUT to an extremely 
large negative number and an extremely large positive number, respectively, if 
the previous test determined that the ray waa parallel to the H vector. Con­
trol is t hen tr~nsferred around the calculations for intersections with the 
quadratic surface. 

The statements 
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initialize two temporary subroutine variables to zero. 

The statements 

4M90A•AN80/0EN 
UNU•UM/OEN 
OISC•&N80&••2•UMU 

are used to compute the value of A (A= A1 /1), u (u = u ' /T)and 
the quantity A2- u. 

The statement 

is used to determine if A2-u 20,which would mean that the r e are no inter­
sections with the quadra t ic surface . 

The statement 

2 is used to obtain the square root of (A -u) > Q. 

The statements 

c 
tQ S~LVE FOA AIN ANO ROUT 0' QUAOAA!lC INTI.SICTJONS 
c 

A1•&11480&•SO 
Az•a1480A•SO 

are used to compute the distances from the ray origin to the intersect 
points on an infinite cylinder by Equations (24) and (25). 
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The statement 

is used to determine if the entrance of the ray into the RCC is on one of 

the planes or on the quadratic surface. 

The statements 

Rt~•Al 
LA1•) 
GOTO lZO 

are used to assign RIN a value and to assign the surface number of the entry 

point for the entrance of the ray on the quadratic surface. 

The statements 

110 AtN•CM 
LAI•LCM 

are used ib assign RIN a value, and to assign the surface number of the entry 

point for the entrance of the ray into one of the planar surfaces. 

The statement 

is used to determine if the exit of the ray from the RCC is on one of the 

planes or on the quadratic surface. 

The statements 

AOUT•A2 
LAO•J 
GOTO 200 
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are used to assign ROUT a value, and to assign the surface number of the exit 
point for the exit of the ray out of the quadratic surface. A branch is then 
made around the exit of a ray from a planar surface. 

The statements 

130 RnUT•CP 
~AO•~CP 

are used to assign ROUT a val ue and to assign the surface number of the exit 
point for the exit of the ray out of the quadratic surface. 

The statement 

is used to determine if the distance between the intersect points is less than 
or equal to a very small minimum value, such as an intersect taking place at a 
corner . If the distance is extremely small,control is passed to the end of 
the subroutine where a miss is recorded . 4lt 

The statement 

is used to t ransfer progr am control depending upon the surface number of the 
exit of the ray. If the ray exits from one of the two planar surfaces. con­
trol is transferred to determine if the intersection with the planar surface 
lies wi thin the circular cross section of the cylinder . If the ray exits 
from the quadratic surface,control is transferred to determine if the inter­
section with the quadratic surface lies between the two planar surfaces . 

The statements 

c_ 
ClO O[T[A~t~£ I' ROUT 1NT£ASICTS PLAN[ •JTMJN CVLJN0£A CROS~•SECT!O~ c 

210 'l•O£N•AOUT••z•z.•AMBO•AOUT•UM 
l,f,l)Z!Ot250tl00 
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are used to determine if ROUT from a planar surface lies within the 

cross section of the cylinder by evaluating Equation ~3) for ROUT~S. 

result must be less than or equal to zero for a valid intersection. 

The statements 

220 'l•AOUT•W"• VP" 
l'lfl,300•250 t ZlO 

circular 
The 

are used to evaluate and test Equation ~~ for ROUT=S if ROUT is from the 

quadrat ic surface. If the value of the expression is negative,the inter­

section lies below the bottom planar surface. If the value of the expression 

is zer o,ROUT occurs at a corner and control is transferred to determine the 

locations of RIN. If the expression is positive,control is transferred to 

determine if ROUT is below the top planar surface. 

The statement 

is used to determine if ROUT is above the top planar surface . If it is, 

control is transferred to record a miss . 

The statement 

250 OOTOl260tZ60t2TO)tLAI 

is used to transfer program cont rol depending upon the number of the surface 

which the ray enters . If the ray enters one of the two planar surfaces con­

trol is transferred to determine if the intersection with the planar surface 

lies within the circular cross section of the cylinder. If the ray enters 

the quadratic surface,control is transferred to determine if the intersection 

with the quad ratic surface lies between the two planar surfaces. 
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The statemen ts 

c_ 
~ 1 2 DETE~"IN[ I' RIN INTERSECTS PLA~' WITHIN CYLlNDJ~ CAOSS•I!CTION 
c 

Z60 'l•D!NeAJNe•2•Z.•AHBD•R lN•UM 
I'CFlJllOtllOtlOO 

are used to determine if RIN on a pl anar surface lies within the circular 
cross section of the cylinder by evaluating Equation (23) for RIN=S . The 
result must be less than or equal to zero for a valid intersection. 

The statements 

c_ 
C13 DOES RIN INTERSECT O' QUADRATIC S~R~ACE OCCUR IE!WE'H PLANES c 

Z?O rt•RINeWH•VPH 
t,C,lJlOOtJ10tZ80 

are used to evaluate and test Equation (27) for RIN=S if RIN is on the 
quadratic surface. If the expression is negative, the intersection lies 
below the bottom planar surface. If the expression is zero, RIN occurs 
at a corner , and control is transferred to the calling program. I f the 
expression is positive, control is t ransferred to determine if RIN is 
below the top planar surface. 

The statement 

is used to determine if RIN is above the top planar surface. If so, control 
is returned to the calling program. 

The statements 

c_ 
~14 RAY HISSES 800V 
c 

lOO AIN•Pl~r 
AOUT••PIN, 
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c 

L.AO•o 
LRI•o 

310 R£TUP.N 
£NO 

TN 4565-3-71 Vol II 

are used to record a miss of the RCC. RIN is set to an extremely large 
positive value, and ROUT is set t o an extremely l arge negative value. 
Also, the surface entry and exit codes are set to zero. Return is then 
made to the calling program. 
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Subroutine REC 

This s ub r outi ne is used to compute the intersection of a ray with a right 
ell ipt ic cylinder as depicted in the fol l owing f igure: 

ROUT 

XB a fixed point on the 

X 

WB direction cosines 

v vertex of REC -WB 
H height vector of 

A semi-major axis 

B semi-minor axis 

FIG. 64. Right Ell i ptic Cylinder 

The statements 

OIMfNStON V(J ) tHI]It A( ))•B(J) 
COMMON ASTER i l OOOQI 
C0M~ON/PAREMIXBIJI•W81))tlR 
cnMMCN/GEOM/LBASE eRINtROUT tLRitLROt~IN'•lCRAtOIS ! 
cOMMON /UNCGEM/NRPPeNTHIPtNSCALtNBOOYtNRMaA t~!RlPrLSCaLtLA£80 • 

1 LOATAtLRIN eLROTeLI0tL0COA•IlS•lJOtL80DYtNASCt~LOOP 

of 

ray 

ar e used to dimens i on arrays and pass informa t ion i n to and out of this 
subrout i ne. 

The statements 

c 
Ci RETRIEVE LOCATION 0' REC V[XTEA AND HfiGTH V~CTOR COOAOlNAT[S 
c 

CALL UN2CLOCDAt!VelH) 
LilC•LOCOA•l 

~; RETRIEVE LOCATION 0' REC COORDINATE~ 'OR AXES 
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are used to retrieve from the MASTER array the locations at which the right 

elliptic cylinder's vertex, height vector, semi-major axis, and semi-minor 

axis coordinates are stored. 

c 
Cl 
c 
c 

The statements 

RETRIEVE COORDlNAT!S 0' VERT[., Hti~HT VECTOR, S(NI•MAJOA AXIS 

AND SE~l·MtNOR AXIS 

VCll•ASTf:RClVl 
VC2l•AST£RCIY•ll 
V C )l•AST[A C JV•2l 
H C 1 I •ASTER ( IHl 
HC2l•ASTER ! JH+ll 
HCJl•ASTEAClH•2l 
Alll••STERCU I 
&12l•&ST[RC1A+ll 
A(Jl•ASTER CIA•ll 
8C}I•ASTER(I81 
8C2l•&STERCIB+)I 
8CJI•A$TERCIB•2l 

are used to retrieve and fill four three-element arrays with the x, y, and z 

coordinates of the REC vertex, height vector, semi-major axis, and semi-minor 

axis. 

The statements 

RIN--PJNF 
ROUT•PIN' 
L.RO•O 
L.RI•o 

initialize RIN and ROUT to a large negative and large positive value, 

respectively, and initialize the entering surface number and exit sur face 

number variables to zero. 

The statements 
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cnMPUT£ DOT PRODUCTS OF A.A A~D I ! B 

&&•&Cli*ACli • ACZI.&CZI•All)•Atl) 
ae•eCt)*$Ctl•acz••acz,•BcJ)•acJt 

a r e used t o compute the dot products A·A for the s emi-major axis and B· B 
for the semi-minor axi s. 

c 
c~ 

c 

The sta tements 

COMPUT[ CV•XB) FOR XtVtZ COORDt~AT!~ 

Vl XBl•Vlli•XB(lJ 
V2XBZ•VCZI•XBlZJ 
V]XBJ•VCJ)•XBl)) 

are used to compute V - XB , V - XB , and V - XB , which defines the 
X X y y Z Z 

origin of the ray , WB, with respect to the vertex of the REC . 

c 
~6 
c 

The s t a tements 

TAA~S,OAM XBCXtYI TO THE COOROINA!ES 0, THf RfC 

VPA•VlXBl•A tli•V2XB2*Al21•VlXBl*A(J) 
VPB•VlX&1•eC11•VZX82•Bl21•VJX&J•BlJJ 

are used to compute the components of Vp with r espec t to A and B for sub­
sequent solutions for S. 

The statemen ts 

TAA~S,OAM WBlXtYJ TO THE COOAOl~A!ES OF THE REC 

W8A•WBClJ•&Cl)•WBC21•At21•WilJ)•Al3) 
waa•wectl•,ctJ•wecz>•a tzl•watJl•a<Jf 

are used to compute the components of WB with r espect to A and B for sub­
sequent solutions for S. 
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The statements 

.. 8AW8AeW8A~WBA 
W88WBB•W88•WBB 

--2 --2 
are used to compute the quantities (WB'A) and {WB·B) . 

'lbe statements 

AA•A•AA•AA 
aeee•ee•ae 

--2 - -2 
are used to compute the quantities (A·A) and (B·B) . 

'lbe statement 

TN 4565-1- 71 Vol II 

is used to compute the coefficient, ). ' , of 2S from Equation (35). Equation (31) 
is the general form of an elliptic cylinder along the H-axis. 

(31) 

or 

2 2 _ 2 2 2 2 
b x ·· + a y = a b (32) 

where x2 and y2 are in the REC coordinate system. Therefore, 

and 
2 2 

a = A·A and b = B·B 
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The origin of the ray XB and the direction cosines of the ray WB can be 
transformed into the coordinate system of the REC, where V now becomes the 
origin, the x-axis is along the semi-major axis, they-axis is along the 
semi-minor axis, and tbe z-axis is coincident with the H vector, by the dot 
products 

VP A = (V - XB) • A 

VP B (V - XB) • B 

W = WB • A 
A 

to/ =WB•B 
B 

The intersection of the transformed ray from the dot products is 

VP + S· W 

which on substituting into Equation (32) yields 

2- - 2 2- 2 
b (VP A + W A • S) + a (VP B + W B • S) 

Expanding Equation (34) where a 2 
= A • A and b

2 
B • B gives 

s2 [(s·i) (wAf + (A:-A:)(wB}2] 

(33) 

(34) e 

-2s Ua·"B) (VPA·wJ +(A:./\) (vPB·WB)J 05) 

which is of the form 

I TS2 - 2>- Is + ].l I = 0 I 
where 

A= A1 /T and~= ~ ' /T 
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Therefore, 

s2 
- 2.>..s + u = o 

Solving for S 

S = A + y',_ 2_11 

Thus, possible intersect points (RIN and ROUT) for an infinite right 
elliptic cylinder are: 

RIN 

ROliT 

For >.
2

-11 < O,no intersection with the cylinder is possible. Also, 

(37) 

(38) 

2 - 2 2 - 2 -6 
(b ·WA + a ·WB ) 2 10 implies that the ray is parallel to the H vector, and 
intersections ~..rill occur only with the planar surfaces . 

The possible intersect points (RIN and ROUT) for two planar surfaces 
are: 

(39) 

for the V plane, and 

(40) 

for the V+H plane. 

RIN Sv and ROUT = SV+H for WB · H > o. 
RIN SV+H and ROUT = SV for WB·H < o. 
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For WB·H = 0 the ray is parallel to the two planes, and no intersections 
with the planes will occur, 

If RIN or ROUT is an intersection with the quadratic surface, 
the intersection point must lie between the two planar surfaces. 

Therefore, 

where Sis RIN or ROUT. 

(41) 

If RIN or ROUT is an intersection with a planar surface the intersection 
point must lie within the elliptic cross section. 

Therefore, 

where S js RIN or ROUT. 

The statement 

is used to compute the value of u' for solving Equation ~6), 

The statement 

is used to compute the value of T which is the coefficient of s2 from 
Equation (35). 

The statement 
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is used to deter mine if the absolute value of T of Equation (36) is less 
than or equal to a very small value, which i ndicates that the ray is parallel 
to the axis. 

The statements 

A~BOA•Ar.480/0EN 
U"'U•UMIOEN 
DlSC•AM80A.*2•UMU 

are used to compute the value of A where A =!.'/• and \.l where il = \.1 1 /T , and 
to compute the quantity ,_2_\.l· 

The statement 

is used to determine i f the quantity A
2
-il ~ 0, which would mean that no 

intersection with the quadratic sur face is possible . 

The statements 

~~ CO~PUT£ THE lNTE~!fCT POINTS ON TH( QUADRATIC SUA,ACl 
c 

SD•SQRT CO lSCl 
Rl•AMBOA•So 
R2•AMBOA+SO 
Btno zo 

2 are used to compute the square r oot of the (A -)J) ~ 0 and the distances from 
t he ray origin to the intersect points on an infinite right elliptic cylinder 
by Equations (37) and (38). 

The stat ements 

10 Rle .. PIN, 
Az•PIN' 
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are used to set temporary subroutine var iabl es for RIN and ROUT to an 
extremely lar ge negative number and an extremely large positive number, 
respectively , if i t was previously determine d that the ray was par allel 
to the H vector. 

The statements 

ZO HH•H Ctt•H Ctt•Hilt•H IZt•H(J t •H(]t 
MH••8 1i t •Hili•WB Czt•HCz)•w8CJt•M(Jt 
VPH•Vll&l•Hfl ) •VzXaz•Hlzt•VJXaJ•HCJt 

are used to compute the dot products H·H, WB·H, and (V-XB)·H for use in 
solving for the intersect distances to the planar surface. 

The statement 

c 
C~ OET[A" l~E tF AAY PAAALLEL fO PLANAR SUA,ACfS 
c 

is used to test the results of the dot pToduct WB·H to determine the direction ~ 
of the ray with respect to the H vector (WB·H < 0 for a downward direction; 
WB·H > 0 for an upward direction; WB·H = 0 for perpendicular). 

The statement 

is used to determine if the ray (moving i n the opposite direction with respect 
to H) will intersect the surface containing V. A positive result of the test 
would result in a negative distance. The~efore, control i s passed to another 
area of the subroutine where t he tot al mi ss condition is recorded . A negative 
result of the test would result in a positive distance,which means t he ray 
intersects the surface plane containing V. 

The stat ements 

~;o cnMPUT£ THE INTEAS[CT POINTS ON T"£ PLANAR SUA,AC£1 
c 

CP•VPH/WH 
CM•IVPH•HH)/WH 
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are used to store the surface intersect numbers of RIN and ROUT and to com­
pute the distance from the ray origin to the intersect points on the two 
planes for a ray moving in an opposite direction with respect to the vector 
~. The program then branches to determine if the RIN and ROUT intersect 
points first occur at a planar surface or at the quadratic surface. 

The statements 

~0 VPHHH•VPH+HH 
1'CVP"HHeL~•0•)00TO lOO 

are used to compute the quantity H·(V-XB) + H·H and then to determine if the 
ray will intersect the upper planar surface of the REC. A negative or zero 
value of the IF statement would result in a negative distance . Therefore, 
control is passed to the end of the subroutine where the total miss condition 
is recorded . A positive value in the test would result in a positive distance 
which means the ray intersects the upper planar surface. 

The statements 

CP•VPHHH/W" 
C"•VPH/--H 
L.CM•t 
LCP•l 
CJOTO 100 

are used to compute the distance to the planar intersect points for a ray 
moving in an upward direction with respect to the vector H. The surface 
numbers of the intersected planes are also stored for later use before 
branching to determine if the RIN or ROUT intersect points occur at a 
planar surface or at the quadratic surface . 
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The statements 

10 CP•PIIIf' 
C.,.••CP 

ar e used to set the ray en try di stance to an extremely large negative value 
and t he exit distan ce to an extr emely large positive value , if the r ay is 
parallel to the pl anar s urfaces of the REC. 

The statemen t 

100 l~CCMtGT.AltiOTO 110 

is used to determine if the entry point of the ray first occurs at a planar 
surface or on the quadrat i c surface . 

c_ 
en 
c 

The statements 

AIN 'OR TH[ QUAOA&TIC SUA,AC[ 

AlN•Al 
L.Al•3 
GOTO lZO 

are used to assign RIN a value and to assign the surface number of the en~ry 
point when contact first occurs wi th the quadratic surface. 

The statements 

~iz AIN 'OA A PLANAR SUR,lCI c 
110 RIN•CIII 

LAI•l.Ct4 

are used to assign RIN a value and to assign the surface number of the entry 
point when contact first occurs with a plana r sur face. 
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The statemen t 

is used to determine i f the exit point of the ray first occurs at a planar 

surface or on the quadratic surface . 

The statements 

AnUT•AZ 
LAO•J 
eoro zoo 

are used to assign ROUT a value and to assign the surface number of the 

exit point for the exit of the ray from the quadratic surface. A branch 

is then made around the exi t of a ray from a planar surface. 

The statements 

e_ 
~14 ROUT ,OR A PLANAR SUA,IC[ 
c 

llG ROUT•CP 
LAO•LCP 

are used to assign ROUT a value and to assign the surface number of the 

exit point for the exit of the ray from the quadratic sur face. 

The statement 

is used to determine if the distance between the intersect points is less 

than or equal to a very small minimum value, such as an intersect taking 

place at a corner. If the distance is extremely small,control is passed 

to the end of the subroutine where a miss is recorded . 
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The statement 

is used to transfer program control depending upon the surface number where the ray exit occurs. If the ray exits from one of the two planar surfaces, control is transferred to determine if the i ntersection with the planar sur­face lies within the elliptic cross section of the cylinder. If the ray exits from the quadratic surface, control is transferred to determine if the intersection with the quadratic sur face l ies between the t~o planar surfaces. 
The statements 

c_ 
C15 
c 

DETERMINE lF ROUT 0, PLANAR SURFACE OCCURS WITHIN ~LLJPTtC CAOSS•!fCTt ON c 
210 Fl•OENeROUT••2•2 . •AMBO•ROUT•UM 

t ~CFl , 250•250•lOO 

are used to determine if ROUT from a planar surface lies within the elliptic cross section of the cylinder by evaluating Equation (42) for ROUT=S. The result must be less than or equal to zero for a valid intersection. 
The statements 

c. 
Ct 6 DfTE~MtNE I' ROUT Of QUADRATIC OCCURS 8fTWlEN P~ANAA 5UA,&C ES c 

220 ' l •ROUT•WM•VPM 
''''1 1300•250•230 

are used to evaluate and test Equation (41) for ROUT=S if ROUT is from the quadratic surface. If the expression Fl is negative, the intersection lies below the bottom planar surface. If Fl is zero, ROUT occurs at a corner, and control is transferred to determine the l ocation of RIN. If Fl is posi­tive, ROUT is above the bottom planar surface, and control is transferred to determine if ROUT is below the top planar s urface. 
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The statement 

ZlO I,C,loOTeHH)OOTO 300 

is used to determine if ROUT is above the top planar surface. If so, control 

is transferred to record a miss. 

The statement 

is used to transfer program control depending upon the surface number of 

the entrance of the ray. If the ray enters one of the two planar surfaces, 

control is transferred to determine if the intersection with the planar 

surface lies within the circular cross-section of the cylinders. If the 

ray enters the quadratic surface, control is transferred to determine if the 

intersection with the quadratic surface lies between the two planar surfaces. 

The statements 

Z60 Fl•OEN•RI~••Z•2·••M&O•RlN•U" 
!FfFtiJlOtllOtlOO 

are used to determine if RIN on a planar surface lies within the elliptic 

cross section of the cylinder by evaluating Equation (42) for RIN=S. The 

result must be less than or equal to zero for a valid intersection. 

The statements 

c 
~18 D[TER~INE IF RIN 0, QUADRATIC SURfA~[ 8£Tw[~N PLAHAA $UM,ACES 
c 

210 Fl•RIN••H•VPH 
IFfFlll00•310•280 

are used to evaluate and test Equation (41) for RIN=S if RIN is on the 

quadratic surface . If t he expression i s negative, the intersection lies 

bel ow the bottom planar surface. If the expression is zero,RIN occurs at 
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a corner, and control is transferred to the calling program. I f the 
expression is positive, control i s transf erred to determine if RIN is 
below the top planar surface. 

The statement 

280 IFCFt,L! eHHtGOTO 310 

is used to determine if RIN is above the top planar surface . If it is, control is returned to the calling program. 

The statements 

c. 
~19 RAY MJSS£5 BOO't 
c 

300 AI~•Pl~, 
ROUT••PINF 
LRI•o 
LRO•o 

llO A[TURN 
[NO 

c 
c 

are used to record a miss of the REC. RIN is set to an extremely large positive value, ROUT is set to an extremely large negative value, and 
the surface entry and exit numbers are set to zero. Return is then made 
to the calling program. 

366 



TN 4565-3-71 Vol II 

Subroutine TRC 

This subroutine is used to compute the intersection of a ray with a right 

truncated cone as depicted in the following figure: 

X 

ROUT 

v vertex of the TRC 

z H height vector of the TRC 

Rr radius at V+H 
WB 

~ radius at V 

XB a fixed point on the ray 

WB direction cosines of the ray 

RIN distance to entry intersect 

ROUT distance to exit intersect 

FIG. 65. Right Truncated Cone 

The statements 

I 
DI MEN SION Vl3l eH ( Jl 
OIME NS t ON MASTERI\OOO Ol 
COMMON ASTER ilOOO Ol 
C0MM0N/PAREMIXBC]ltW8(]ltlR 
COMMON/OfOM/LSASEeRlNeROUT,LRitLRO,PJN'tl!RRtOlST 
co~~ON~UNCGEM/NRPPtNTRtPtN5CALth800YeNRMAXtL!AIPtLSCALt~REIDt 

1 LDATAtLRlNeLROT,L10tLOCDAtl15tl30•L80DYtNASCtKLOOP 

are used to dimension arrays and to pass information into and out of this 

subroutine. 

The statement 

is used to set the MASTER array equivalent to the ASTER array. 
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The statements 

c 
Cl A!TAIEVE LOCATION 0' TAC VERTEX ANO HEIQHT Y~CTOA COOAOIN&T[S c 

CALL UNZCLOCDAt!V,IHI 
LOC•L.OCD&•\ 

t 
t1 R!TAIEVE LOCATION 0' TAC RADII ,OR LOWER lASE AND UPPER BAS! c 

CALL UN2tLOCtlABeiAT0P) 

are used to retrieve the locations at which the TRC's verte~ , height vector, 
lower base radius, and upper base radius values are stored in the ASTER 
arr ay. 

The statements 

c 
C~ AETAlfVE COORDINATES 0' VEAT!X AND H[IIHT VlCTOR 
c 

V(l)•ASfEA ClVl 
Vl2l•aSTER t lV•l ) 
VCJl•ASTEA CIV•2l 
HC\l•A5T£ACIH) 
~tz ) •ASTEAttH• ll 
H(l l •AST!A CtH•Zl 

are used to retrieve the x, y, z coordinat es of the vertex and height vector 
and store them into two three-element arrays , respec tively. 

The statements 

c 
C• AITAIEYf RADII 0' LOW!A ANO UPPER BASES c 

AB•A5TEACIA8l 
AT•.ASTEA t !ATOP) 

are used to retrieve the values of the radi i of the lower and upper bases, 
respectively. 
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are used to initialize the variable RIN to an extremely lar ge negative value 
and the var iable ROUT to an extremely large pos i tive val ue. 

The statements 

are used to initialize the entering surface number variabl e and the exi t 
surface number variable to zero. 

Th e stat ements 

INTS[C•O 
tNTRl•o 
tNTAZ•o 

ar e used to initialize the variables INTSEC, INTRl, and INTR2 to zero . 

The statements 

c 
C~ CO~PUT£ COORDINATES 0,. (V•~8l 

c 
V\X81•VC1J•X8Cl) 
V2XBz•vtz ) • X812) 
YJX8J•YIJ)•XBIJ) 

ar e used to compute V - XB , V -XB , and V -XB 
X X y y Z Z 

The statements 

c 
C~ COMPUTE DOT PRODUCTS 
c 
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VPW•V} XBl•WBCtt•VzlB2*W8Czt•VJl83*W~CJ ) 
w~ •WBfl)~Hfl>•WB t 2 ) ~H Cz t •WBC )t•Htl~ 
VPH•VlXBl*HClJ•Vzxsz•Htz) •VJlB3•Ht]~ 
~H•Htl t •HCl)•H CzJ•Htz>•MCJ t •HCJ) 

are used to compute the dot products (V-XB) · (V-XB), (V-X:S) ·WB, WB ·B, (V-XB) ·H, 
and H·H, respectively, which in turn are used in solving the quadratic 
Equation (49). 

The statement 

is used to compute the difference between the radius of the upper base and the 
radius of the lower base (RT-~) for use in solving quadratic Equation~~. 

The statement 

c 
C7 CO~PUT[ C2 QUANTlTY 0~ QUADRA TIC EQ~ATJON 
c 

is used to compute the c
1 

and c
2 

portion of the constant term from 
quadr atic Equation (49). 

The statement 

--- - -is used to compute the value of (V-XB)·H + H·H for solving RIN or ROUT with 
planar surface V+H. 

The statements 

UM•HH•CPVPV•A&~TVP••zt•VPH•VPH 
A~BD•HH•VPW•WH•CVPH•AT~&•A&ATVP) 
O~N•HH•WH••z• C l.•RTA&*•ZIHH) 
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are used to compute the values of the constant term~·. the coefficient ot l~ or 

A', and the coefficient of s2 or t for solving quadratic Equation (49). 

s2 11 -
(WB•H)

2 ~.0 + (R.r - Rl/] l 
H•H 

2S 1- (XB - V) ·WB + 
(WB ·H) • [<XB - V) •H + 

c1] l 
H·H 

J r.- - 2 2] [en - v) . ii] 2 l = 
+ l Lorn - v) - c2 - _ _ I o 

H•H 

where 

c
2 

# 11. _ (R.r-11.) _[~-Xi) .jj] 
H·H 

Letting T, A1
, and~ be the coefficient of s2 , 2S, and the constant term, 

respectively, Equation (49) takes the form 

2 
TS - 2A ' S + ~ · c 0 

If 

A = A ' IT and ~ ~ ' IT 

then 

2 
S - 2AS + ~ = 0 

(49) 

Therefore, the possible intersect points (RIN and ROUT) for the intersection 

of a ray with the right truncated cone are: 
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RIN "'A-~ 
(51) 

ROUT= A+~ 
(52) 

2 
For A -~ < 0 no intersection with the cone is possible. 

The statement 

c 
C• T[ST 'OR RAY PAAALL[L TO £ITH[R SID£ 0' COHI c 

is used to determine if the ray is parallel to either side of the cone,which means that T=O. If not, control is passed to another section of the sub­routine where the roots of the quadratic are computed. 

The statement 

is used to determine if the radii of the upper and lower bases are equal such that the right truncated cone is actually a right circular cylinder. If this is the case, the ray can intersect only the upper and lower planes of the body, since it was previously determined that the ray is parallel to one of the sides of the body. Control is transferred to the section of the sub­routine that computes the intersection with the two planes. 

The statement 

c 
C9 COMPUTE INTERSECT WIT~ QUADRATIC IU~'AC[ 'OA ~AY PA~ALL'L TO SIDE c 

is used to solve quadratic Equation (49) when T , the coefficient of s2
, is equal to zero . This results in the one possibl e intersect point of the ray with quadratic surface. 
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The statement 

is used to compute the quantity S(WB•H)-(V-XB)•H,where Sis the value com­

puted in the previous step for the intersect point with the quadratic surface . 

For this intersect to be valid , that is, to intersect the real part of the 

cone, the intersect point must be on the cone's surface between vertex V 
and height vector H such that 

0 < (XB-V) ·H + WB·H·S < H·H 

where S is the intersect point on the quadratic surface. 

The s t atements 

giO T!ST tF lNTERS£tT 8£TWE£N PLANAA SUR,AtfS 
c 

t~CFl.~T.O.)GOTO ~00 
I'l~l•GT•HW)GOTO 200 

(53) 

are used to determine if the intersect point on the quadratic surface satis­

fies Equation ~~; t hat is, to determine if the intersect point lies between 

the two planar surfaces. 

The statement 

is used to add one t o the variable INTSEC,which is used later in the subroutine 

to determine if all possible intersects have been made. 
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The sta tements 

l'(WH.~E •O•)GOTO 10 
l'I RTRBlZO • ZO•lO 

10 I' (RTR& l 30eJOe20 

are use£ to determine the direction of the ray with respect to height vector H and to determine the direction of the point of the cone. This is done to determine if the intersect point on the quadratic surface is an entry point or an exit point . 

The statements 

20 LAO•J 
AnUT•Rz 
GnTo 250 

are used to assign the intersect point on the quadratic surface previously determined (ray parallel to either side of cone) to ROUT, since the ray is in the direction of the point of the cone. The surface number for an exit from the quadratic surface is also assigned. Control is then transferred to another section of the subroutine to compute RIN with the larger planar surface on the cone. 

The statements 

JO LAI•J 
RtN•A2 
t~TSEC• I~TIEC•l 
GOTO 210 

are used to assign the intersect point on t he quadratic surface previously determined (ray parallel to either side of cone) to RIN, since the ray is in the opposite direction of the point of the cone. The surface number for an entrance into the quadratic surface is also assigned. Control is trans­ferred to another section of the subroutine to compute ROUT with the larger 
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planar surface on the cone. The var iable INTSEC is also advanced by a count 

of one. 

c 

The statements 

40 AMBOA•AMBO/O[N 
UMU•UM/DEN 
OI!C•AMBOA••z•UMU 

are used to compute the values of X and ~ · 

for solving Equations (51) and (52) . 

The statement 

2 
The quantity X -~ is computed 

2 
is used to determine the sign of X -~ . the quantity under the radical of 

Equations (51) and (52) . If negative, no i ntersection with the cone is 

possible, and control is transferred to another section of the subr outine 

to record a total miss. If zero, control is transferred to the section of 

the subroutine to compute possible intersects with the planar surfaces. 

If positive, intersect ions with the quadratic surface occurs, and control 

is transferred to compute those intersections. 

The statements 

~1l SOLVE ~OA VALUES 0, QUADRATIC (QUAT10N 
c 

~0 SO•SQRTlDISC! 
Al•AM80A•SO 
A2•AMBO••so 

are used to compute the quantity ~ and to compute possible values of 

RIN and ROUT with the quadratic surface from Equations (51) and (52). 

The statement 
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---is used to compute the quantity R2(WB ·H)-(V-XB)·H,where R2 is one of the 
possible intersects just computed for the quadratic surface. 

The statements 

T[ST roA INTERSECT 8ET•I£N PLANAR S~A,ACEI 

IFl'l•LTtO.tOOTO 60 
l'C'l•L[eHHtlNTAZ•lNTRz• 1 

are used to determine if Equatioo(53) is satisfied i that is, if the R2 inter­
sect from Equation (52) for the quadrat ic surface lies on the cone's sut:face 
between the two planar surfaces. If the equation is satisfied,the variable 
INTR2 is advanced by a count of one to indicat e that a valid intersect for R2 has been found. 

The statement 

is used to compute the quantity Rl(WB ·H)-(V-XB)·H,where Rl is one of the 
possible intersects just computed for the quadratic surface. 

The statements 

l' ' 'l•LT•O• IGOTO ?0 
JFIFltLEeHH)GOTO 80 

are used to determine if Equation(53) is satisfied; that is, if the Rl inter­
sect from Equation(5~ for the quadrat ic surface lies on the cone ' s surface 
between the two planar surfaces. 

The statement 

10 I'C tNTA2eLTt)tGOTO ZO O 

is executed if Rl is above or below the TRC. It is used to determine if R2 
was a valid intersect on the quadratic surface of the TRC by testing the 
count in the variable INTR2. If R2 was not valid, control is transferred 
to determine the intersections with the planar surfaces. 
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are used to set both RIN and ROUT equal to R2 since R2 was a valid intersect, 
but Rl was not,and the direction of the ray has not yet been determined. 
The entry and exit surface numbers for a quadratic surface are assigned for 
the same reason. The variable INTSEC is also advanced by a count of one to 
record that thus far one valid intersection has been found. Control is then 
transferred to determine the intersections with the planar surfaces. 

The statement 

is executed if Rl is a valid intersect on the quadratic surface of the TRC. 
It is used to indicate that a valid intersect for Rl has been found. 

The statement 

is used to determine if R2 was also a valid intersec t on the quadratic surface 
by testing the variable INTR2. 

The statements 

AOUT•A} 
AtN•Rl 
LA0•3 
LA1•3 
I~TSEC•lNUEC•l 
OOTO 200 
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are used to set bot h RIN and ROUT equal t o Rl since Rl was determined to be a valid inter sect but R2 was not and t he direction of the r ay has not yet been determined. The entr y and exit sur face numbers for a quadr atic surface are assigned for the same reason. The variable INTSEC is advanced by the count of one to record that thus far one val id inter sect has been found. Control is t hen t ransfer red t o determine t he intersections with the planar surfaces. 

The statement 

is used to determine RIN and ROUT from Rl and R2 when Rl and R2 are both valid int ersections on the quadratic surface. 

The statements 

g\! COMPUT! AIN AND ROUT 'OA QUAOAATlC !UA,&Cl c 
100 At~•Al 

ROUT•Rz 
LAO•J 
LAI• l 
GOT O J OO 

110 AtN•R2 
RnUT•Rt 
LAO#l 
LAI•l 
GOTO 300 

are used to assign RIN and ROUT from the values of Rl and R2 depending upon which val ue of Rl or R2 was the larger as determined by the previous test. The entry a nd exit surface variables are also assigned values for the quadra t ic surface since RIN and ROUT both occur on the quadratic surface of the TRC . 

The statement 

c 
ZOO t~t~H t Zl0 t 350tl50 
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is used to test the results of the dot product WB·H to determine the direction 

of the ray with respect to the H vector (WB•K < 0 for a downward direction; 

WB·H > 0 for an upward direction; WB·H = 0 for perpendicular). This statement 
begins the sections for computing the intersects with the planar surfaces. 

The statement 

is used to determine if the ray (moving in the opposite direction with respect 

to H) will intersect the surface plane containing V. A positive result of the 
test would indicate a negative distance. Therefore, control is passed to 
another area of the subroutine where the total miss condition is recorded. 

A negative result would mean a positive distance; therefore the ray inter­
sects the surface plane containing V. 

The statement 

is used to compute the intersect of the ray with the plane surface containing V. 

The statements 

Ft•CP•CP•z.•CP•VPW•PVPV•RB•RB 
IFC,loGTtOo)GOTO ZlO 

are used to evaluate Equation~7) for S=ROUT to determine if the intersect with 
the plane surface containing V is within the cross-section of the RB base. 

[ s2 - 2s [Wii· (V-Xii>J + cV-Xii> 2 
- a.,2 ~ o I (57) 

If Equation ~?) is satisfied~ a valid intersect occurs. If the equation is 
not satisfied , control is transferred to determine if there is a valid inter­

sect with the plane surface containing V+H . 
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The statements 

~i6 CO~PUT! ROUT FOR !XlT 'AOM V•PLANE ~UA,ACl 
c 

INTSEC•INTS!:C•l 
AnUT•CP 
LAO•l 

are used to advance the count in INTSEC by one as a result of the valid inter­
sect with the V plane. ROUT is assigned a value from the previously 
computed intersect with the V plane, and the surface number variable is assigned 
for an exit from the V plane. 

The statement 

is used to determine if two valid intersects 
trol is passed to the end of the subroutine. 
V+H plane will be determined. 

have been found. If true, con­
If not, the in t ersect with the 

The statement 

is used to compute the intersect of the ray with the V+H plane surface. 

The statements 

Ft•cM•cN•2a•C C VP~•WHI•cM•YPMI •HH•PVPV•AT•RT 
l' CF}aGT •O•IGOTO ]SO 

a r e used to evaluate Equation (60) for S .. RIN to determine if t he intersect 
with the V+H plane surface is within t he cros s - section of the ~base. 
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If Equation (60) is satisfied, a valid intersect occurs . If the equation 
is not satisfied, control is transferred to the end of the subroutine where 
a total miss is recorded . 

c 

The statements 

Rt N•CM 
LAI•2 
OOTO JOO 

are used to assign to RIN the value just computed for an intersect with_the V+H 
plane, and to assign the surface number variable for an entry into the V+H 
plane. Control is then transferred to the end of the program for a final check 
of RIN and ROUT. 

The statement 

250 IFCVPHHM elTeOe)GOTO 350 

is used to determin~ if the ray (moving in a direction within 9QO of vector H) 
will intersect the V+H surface plane. A negative result of the test would 
indicate a negative distance . Therefore, control is passed to another area 
of the subroutine where the total miss condition is recorded. A positiye_ 
result indicates a positive distance; therefore the ray intersects the V+H 
surface plane. 

The statement 

is used to compute the intersect of the ray with the V+H surface plane . 

The statements 

Fl•cP•cP•2••CCVPW•WH)•cP•VPHJ•HH•PVPV•AT•RT 
r,C,loOToOo)OOTO 260 
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are used ~o_evaluate Equation (60) for S•ROUT to determine if the intersect ~ 
with the V+H plane surface is within the cross-section of the RT base. If the 
equation is satisfied, a valid intersect occurs . If the equation is not 
satisfied~ control is transferred to determine if t here is a valid intersect 
with the V plane surface. 

c. 
C18 
c 

The statements 

COMPUT( ROUT 'OA (XJT 'AOM V•M P~AN~ SURrACI 

tNT!EC•JNTS!C•l 
A~UT•CP 
LAO•z 

are used to adva~ce the count in INTSEC by one as a result of the valid inter­
sect with the V+H plane. _RQUT is assigned a val ue from the previously com­
puted intersect with the V+H plane. and the surface number variable is 
assigned for an exit from the V plane. 

The statement 

is used to determine if two valid intersects have been found. If so, con­
trol is passed t o the end of th~ subroutine for a final test of RIN and ROUT . 
If not, the intersect with the V plane will be determined. 

The statement 

is used to compute the intersect of the ray with the V plane surface. 

The statements 

't•CM•cM•Z•*CM•Y,W•PVPV•At*~l 
1'1'1•8TeOe)80TO l iO 
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are used to evaluate Equation (57) for S=RIN to determine if the intersect with 
the V plane surface is within the cross-section of the RB base. If the equation 
is satisfied , a valid intersect occurs. If the equation is not satisfied, 
control is transferred to record a total miss . 

The statements 

c 
Ci9 COMPUTt RIN 'OR ENTRY tNTO Y•PLANE ~UR,ACE 
c 

are used to assign RIN the value just computed for an intersect with the V 
plane and to assign tbe surface number variable for an entry into the V 
plane. 

The statement 

c 

is used to determine if the distance between RIN and ROUT is extremely small. 
If it is, a miss is recorded for RIN and ROUT. If not, control is returned 
to the calling program. 

The statements 

c_ 
C~O RAY MISSES TRC 
c 

350 RIN•PINF 
ROUT••PINF 
LRI•o 
LAO•O 

360 RETURN 

are used to record a miss of the TRC. RIN is set to an extremely large 
positive value and ROUT is set to an extremely large negative value. The 
surface number entry and exit variables are set to zero . Control is then 
returned to the calling program. 
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Subroutine ELL 

This subr outine computes the ray in t e r sections with an ellipsoid of 
revolution as illus t rat ed in Figure 66. 

X 

XB starting point of ray 

WB WB direction cosines of ray 

c length of the major ax:is 

F a'Fb foci of t he ellipsoid 

RIN distance to entry inter-
sect 

ROUT distance to exit inter-
sect 

FIG. 66. Ray Intersection with Ellipsoid of Revolution 

The statements 

OI ME NStON FOCT A(JitFOCI Bill 
DIMENS I ON MASTER ClOO OO) 
COMMON ASTEP< t ooOnl 
cnMMON/PAR[M/~8 (3) tWBC])t i A 
COMMON/G[OM/LBAS[ tRINeAOUTeLRleLRO,~lN'•I!RRtOIST 
C0MMON/UNCOEM/NRPP tN TNIPeNSCALtN800YtNRMAXtLTRIPtLSCALtLR[GOt 

1 LOATAtLRIN tLAOTtLI0•LDC0Atl l 5tllO•LB0DYtNASceKLOOP 

are used to dimension arrays and pass information into and out of the 
subroutine . 

The statement 

[QUtVALENCE CaST[AtMAST£A) 

is used t o establ i sh equivalence between the ASTER and MASTER arrays. 
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The statements 

t 
Ci AETRlfVf LOCATION Or fLLIPS£ 'OCI &NO ~!NGl~ STOR&Gl POSITIONS 
c 

CALL UN2(LOC0AtiVltlV21 
IAA•MASTERCLOCDA•tl 

are used to retrieve the pointers to the storage locations of the ellipse 
foci and length of the major axis. 

The statements 

roctac 1)•ASTERt1Vtl 
FOCIAC~I•ASTfRClVt•ll 
,OCII C]I•ISTERCIVt•zl 
rocJ& C11•aSTERCIVl) 
~OC1B l21•ASTEAliVz•ll 
FOCIBCJI•aSTERIIVz•zl 
C•IST£RCIAR l 

are used to retrieve the values of the foci coordinates and major axis length 
from the ASTER array. 

The statements 

RlN•PlNF 
AOUT••PINr 

are used to initialize the value of RIN to an extremely large positive number 
and ROUT to an extremely large negative number . 

The statements 

c 
C, tOMPUT£ COOROINAT£5 'OR V[CTOA Dl ANO Dl 
c 

OlX•XB(l)•rOCIAcll 
DlY•XBC21•FOCllC2l 
01Z•XBC31•,0Clllll 
OzX•X&Cll•,OCIBCll 
02Y•XBCZ)•FOCIBC2l 
ozZ•X&C3l•,OC18C3l 
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are used to compute the coordinates of n
1 

and n
2 

using t he relationship 

D =XB -F 
X X X 

'D =XB -F 
y y y 

D = XB - F z z z 

The statements 

c 
~l CnMPUT! OOT PAOOUCTS 
c 

Al•2••101K•WBCl)•01Y•WIIlJ•01Z•w8ClJ) 
•z•z··~oz•••attJ•ozv•waczt•ozz•wMCJ~J 
8t•DlX~01X•01Y•OlY•DlZ•Dll az•oz••oz••ozv•ozv•ozz•ozz 

are used to compute vector dot products required for Equation~~ · 

-2 -2 2 o1 - o2 - C 

-2C 

where: 

Al 20
1 

· WB 

A2 -= 2D
2 

· WB 

Bl - D 2 
1 

B2 = 0 2 
2 

386 

(64) 



The s t a t ements 

~& COMPUTE A AND 8 
c 

AA•CA2•Al,/CZ. •t• 
&a•cc•c•az·al,,Cz.•c) 

are used to comput e t he A and B terms in Equation (64.). 

-2 - 2 c2 + D2 - D 
1 A= BB ~ 

2C 

2n
2 

WB -
B = AA 

2C 

The statements 

CnN~UT! LAMBDA AND MU 

ALAND•U.AA•l . 
ALA~l~CAA•&B•eS•Az)IA~AMD 
U•C&B•&B•BZIIALAMO 

201 WB 

are used t o compute ). l and lJ us i ng t he equations 

A. 
2 -2 

- D2 
= 

387 

TN 4565-3- 71 Vol II 

(67) 

(68) 



TN 4565-3- 71 Vol II 

The s t a tements 

e 
~~ COM~UT[ ~IN AND ~OUT 
c 

OISCANeALAMl•ALAMl•U 
I'(OlSCAMtLl•Ot)R[TURN 
SQATOI•SQATCOISCAM) 
AIN••ALANl•SQATOI 
AOUT••ALAM)•IQRTOJ 
A!TUAN 

are used to compute RIN and ROUT according to the equations 

RIN = -}. 

ROUT -A + ~A2 

(69) 

(70) 

If >.
2 I ~ < 0~ no intersection occurs, and execution returns to the calling 

routine wi;h RIN set at 1050 and ROUT set at -lo50 . 

388 



TN 4565-3- 71 Vol II 

Subroutine RAW 

This subroutine computes the ray int ersections with a right angle wedge. 
The r ight angle wedge is defined by vertex V and length vector s H1 , H2 , and 
H

3 
as shown in Figure 67. 

z 

z 

y 

FIG. 67. 

The statements 

\ 
\ 
\ 
\ 
\ 

\ -_.,..-

\ --\....-
H3 , 

/ 
/ 

v ver tex of the RAW 

Hl,H2 , H3 length vectors of the RAW 

X point on a plane where the 
ray intersects the pl ane 

XB s t ar t ing poi nt of ray 

WB direction cosines of r ay 

SWB distance f rom XB to point 
where ray intersects plane 

RIN distance to entry intersect 

ROUT distance t o exit inter sect 

Right Angle Wedge 

DIMENSION Hl(l)tH~ ( l)tHlll)eVCJ, t ASQ(])tPVC.),G(J ) 
COMMON ASTERCl OO OOl 
CnMMON/PAAEM/X8(3)t~8(])tiA 
C0MMON/G£0MIL8ASEtAINt~OUTtLAltL~Ot~IN'ti!AAtglS! 
COMMON/UNCG[MINAPPtNTAJPeNSCAL•NIOOYtNAMAXtLTAJPeLS,ALt~AEIOt 

l LOATatLAINtLAOT,LJ0tL0CDA•ll5tiJOtL800YtNASttK~OO, 

ar e used to dimension arrays and pass information into and out of t his 
s ubroutine. 

The s t atemen ts 

c_ 
C1 A!TAJEVE LOCATIONS 0, VlAT!X AND ~ENGTM VlCTORI 
c 
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CALL UNZ(LOCDA,JV,lHlt 
LOC•LOCDA•l 
CALL UN2lL0CtiH2tiHl) 

are used to retrieve the storage l ocations of the vertex and length vectors 
in the ASTER array. 

The statements 

Hl(l)•ASTERClHl) 
~1CzJ•aST£RCIM1'1) 
Hl(lJ•AST!RClMl•ll 
~2(1J•a!TERCIH2) 
W2C21•AST!RCIHZ•lt 
H2llJ•aST!ACIH2•21 
HJ(J)•aSTEACl~J) 
HJCzt•aSTEAClHJtll 
HJ(]t•aSTERCIH3•21 
V(tJ•ASTEActV) 
VCzt•aSTEACIV•l) 
VC]t•aSTfAClV•z t 

are used to retrieve the x, y, and z coordinates of the vertex and length 
vectors from the ASTER array. 

The statements 

AJN••PIN' 
AOUT•PtN, 
CM••PINF 
CP•PIN; 
L.•o 
Lt•o 
~<•o 
LAl•O 
L.RO•o 

are used to initialize variabJes prior to the start of computations. 
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The stat ements 

C014PUT! A 

ASQ t l)eHltl)•HlCl)•HlC2)•14lt2)•HlCl~·"ltl) 
~SQC21•H2Cti•H2Cti•Hztz)•HzCz)•H2CJ)~HZ(J) 
ASQI])eHJCll•HJCll•HJizi•HJ(Zl•HJ(]leHJ(J) 

are used to compute the simpl i f y i ng constan t A
1 

using Equation 

The statements 

c 
~, COMPUT[ P 
c 

X91Vl•XBC1J•Vcll 
X82V2•X8(2)•VI21 
XR]VJ•XB(J)•YI)) 
PVCl~•XB1Vl•Hllli•X82VZ•H l CZI•X83Yl~H1Cll 
PV12l•X81Vl•Hztli•X82VZ•Hz<Zl•XBlVJ•HzCll 
PVIJI•XB1Vt•Hl<tl•XB2Yz•HJCZl•X8JVJ•HJ(ll 

are used to compute the simplifying constant Pi using Equati on 

1' 2 , 3 

The statements 

COMPUT! Q 

391 

(72) 

(73) 



TN 4565-3- 71 Vol II 

Glla•WBCl ) eH1Cl)•WBC2)•H1CI)•WI(l)eHl13) 
IC2)•WRC1J•HZCl ) •WBC2)•M2 1 Z)•~8C3)•HzC3) 
GClJ•W&Cl)•Hl(l ) •WBtZ)•HliZ)•WICJI•H,CJ) 

are used to compute the simplifying constant Gi using Equation 

WB·H1 , i = 1 , 2, 3 

The statement 

e 

is used to start a loop which will test G
1

, P
1

, G
2

, and P
2 

to det ermine i f 
intersections are possible. 

The statement 

is used to test G1 and G
2 

and br anches accordingly . 

The statement 

is used to test P1 or P2 if G1 or G2 is less t han zero. I f - Pi > 0 a nd 
G1 < O.the ray is moving away, no intersecti on is possible , and execution 
transfers to Statement 400. 

,_ 
c~ 
e 

The statement 

C0114PUT! Sl OA 53 

20 T!MP••PV ( Jt /Gt l a 
tYC T!MP•CP)30tl30tl30 
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are used to compute t he inter sect distance using Equation (75) if -P
1 

< 0. 

or 

S = -P /G 
3 1 1 

-P /G 
2 2 

(75) 

(76) 

The computed distance is compared with the previously computed value 
of CP on the initialized value . If the computed value is greater, execution 
transfers to Statement 130. 

The statements 

lO CP•T!MP 
L• t 
eoTo t•o•SO l• l 

4G LAO•l 
GOTO llO 

'!ft LAO•t 
GOTO llO 

are used to set CP equal to the computed value and LRO equal to three for 
I = 1 and LRO equal to one fo r I = 2 if the computed value is less. Execution 
then transfers to Statement 130. 

The statement 

is used to test P1 or P2 if G1 or Gz is greater than zero. If -Pi ~ 0 an 
inter section with t he face in question will not occur, and execution transfers 
to Statement 130. 
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The statements 

c 
t6 CONPUT! 51 OR 53 
c 

T!NP••PYCI)/GCI) 
t,CT£NP.L£.CN)GOTO 130 

are used 
-Pi > 0. 
value of 
or equal 

to compute the intersect distance using Equation (75) or (76) if 
The computed distance is compared with the previously computed 

CM or the initialized value. If the computed value is less than 
to CM, execution transfers to Statement 130. 

The statements 

CM•Tfi!CP 
K•t 
OOTOCcao•lOO)ti 

90 LAI•J 
onTo 110 

100 LAI•l 
OI"TO 130 

are used to update CM to the value just computed and set LRI equal to three 
for I D 1 and LRI equal to one for I = 2 if the computed value is greater 
than CM. Execution then transfers to Statement 130. 

The statements 

c 

are used to test whether an intersection is possible with the body if G1 or 
Gz is equal to zero. If P1 ~ 0 or Pi ~ Ai an intersection is not possible, 
and the routine is exited via Statement 810 . 

The statements 

130 l.l•Ll +J 
140 CONTINUE 

are used to complete the loop computing with G
1

, G
2

, P
1

, and P
2

• 
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The stat ement 

c 
l' fBC)) ll!Gt210t230 

is used to test the value of G
3 

and branch accordingl y . 

The statements 

151) T!MP•ASQ Cl t •PV Cl) 
t'lT!MP,O!e OetOOTO lBG 
tF.MP8T!fi4P/G(J) 
I'CTEMP.~£. CM1GOTO 19G 
ct~~~•T[MP 

1<•3 
~Rl•6 

are used to compute the intersect distance using Equation (78) if G3 is less 
than zero. 

(-P +A )/G 
3 3 3 

If A3- P3 ~ 0, execution transfers to Statement 180. If A3-P3 < 0, S6 is 
computed and compar ed to the previously computed value or initial value of 
CM. If S6 ~ CM, execution transfers to Statement 190. If S6 > CM, CM is 
updated with the value of s6 and LRI is set t o six. 

The statement 

is executed if A3-P:1 ~ 0. If -P3 ~ 0 an intersection will not occur, and 
execution transfers to Statement 400. 

The statements 

c 
CA COMPUT! S! 
c 

190 T!MPa•PV l l t iG i l) 
I'C TEMPeGE,CPlGOTO Z9 0 

395 

(78) 



TN 4565-3-71 Vol II 

cP•UMP 
L•l 
I,.AO•S 
(t(ITO 290 

are used to compute the intersect distance using Equation (77) if -P3 < 0. 

(77) 

lf s5 is greater than or equal to the previously computed value or the initial value of CP, execution transfers to Statement 290. Otherwise, CP is updated with the value of S5, LRO is set to five, and execution transfers to Statement 290. 

c 

The statements 

ZlO l'CPVCl)•L.feO•)GOTO 400 
t'CPV(J)•ASQ(l))Z90e290t400 

are used to test the value of the numerator of Equations (77) and (78) if GJ is equal to zero. If P3 ~ 0 nr (P3-A3) > 0 an intersection cannot occur, and execution transfers to Statement 400. If (P3-A3) ~ 0, execution transfers to Statement 290. 

The statements 

e 
C9 COMPUT! 15 

e 230 t'C•PVCJ)eL.!•O•)GOTO 260 
T!MP••PV(J)/8CJ) 
I'CT[MPeL.[.CM)tOTO 260 
CM•T!MP 
IC•J 
l.Rl•! 

are used to compute the intersect distance using Equation (77) if G3 is greater than zero. If -P3 ~ 0, execution transfers to Statement 260. If 
-P3 > 0, Ss is computed and its value compared with a previously computed value or the initial value of CM. I f S5 is > CM, CM is updated with the value of Ss and LRI is set to five. 
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The statement s 

c 
C10 COMPUT! 56 
c 

260 TEMPeASOCl)ePYCl) 
I'CT[MPeLEeO•)tOTO 400 
TEMfleT[MP/GCJ) 
t'CT!~Pe9[tCP)80TO zto 
CP•T!MP 
"'•3 
LA0•6 

are used to compute the intersect distance when -P
3 
~ 0. If (A

3
-P

3
) ~ 0, 

an intersection does not exist, and execution transfers to Statement 400. 
If (A

3
-P

3
) > 0, the s

6 
distance is computed using Equation (78). If S6 is 

less than a previously computed value for CP, CP is updat ed with s
6 

and 
LRO is set to six. 

The statements 

c_ 
C1l COMPUTE 52 
c 

Z9Q 4G••SQc2)•GC l )••Sa cl ) •G (2) 
PVC4)•PYC tl •ASG« z t•P~Cz)•AS0C t) 
TOP•ASQ Clt•aSQCll•PVC4) 
IFC#G)JlO•l!O •JlO 

are used to compute the terms used by Equat ion (79). 

I (79) 

A test is made on the value of the denominator, and branching is directed as 
required. If the denominator is negative, t he statements 
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CM•T[M, 
K•4 
~AI•z 
•~To 110 

compute the intersect distance S2 and compare the value with the current 
value of CM . If S2 is greater t han CM, CM is updated with s2 , LRI is set 
equal to two, and execution transfers to Statement 380 . 

c 

The statements 

llO l'lTOPelT•Oe)GOTO 400 
T[MP•TOPIAG 
1'lT£MP•CP)JTOtl8o•J80 

are used to test the value of the numerator if the denominator of Equation (79) 
is positive. If the numerator is negative, execution transfers to State-
ment 400. Otherwise , s2 is computed and compared with CP. 

The statements 

c 
l!O l,(P~14)•~£eOe)GOTO 400 

I'C•TOPt38o••00•400 

are used to make additional tests if the denominator is zero. If (P1A2 + 
P2A1) ~ 0, execution transfers to Statement 400. If the numerator is 
negative, execution transfers to Statement 400. 

The statements 

l10 cP•T[MP 
L•4 
~AO•z 

are used to update CP with the value computed for s
2 

and set LRO equal to two. 
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380 I'C~•K.~EaotGOTO 400 
AOUT•CP 
AIN•CM 

TN 4565- 3- 71 Vol II 

are used to check whether CP or CM have been updated with a comput ed inter­
section distance. If either has, ROUT is set to the latest value of CP, and 
RIN is set to the latest value of CM. 

e 

The s t atements 

400 l,CROUTaOE ,PI~ l GOTO 8&0 
l,<AOUTtLEaOe l GOTO Blo 
l'CAIN,G£eAOUTtOOTO 110 
I'(ABSCRIN•AOUTteGTe~OUT•l•O[•!)OOTO 120 

are used to evaluate the values of RIN and ROUT which have been set in the 
routine. If ROUT has a positive value less than 1050, and RIN is less than 
ROUT, an intersection has occurred and the routine is exited via State­
ment 820 with the computed values of RIN and ROUT. 

The statements 

c 
810 AOUT••PIN, 

AJN•PIN' 
LAO•O 
~A lao 

8lO B!!URN 

are used to set ROUT equal to -1050 and RIN equal to 1050 . An intersection 
is not recorded by LRO or LRI, and execution returns to the calling routine. 
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X 

Subroutine ARB 

This subroutine computes the intersection of a ray with an Arbitrary 
Polyhedron (ARB). The ARB is described by eight points which define six 
planar surfaces as shown in Figure 68 below: 

XB s tarting point of ray 

S·WB 

X 

RIN 

direction cosines of ray 

distance from XB to point 
where ray inter sects 
plane 

point on plane where ray 
intersects plane 

eight points which describe 
the arbitrary polyhedron 

distance to entry inter­
sect 

ROUT distance t o exit inter­
sect 

FIG . E8 . Arbitrary Polyhedron 

An input processing subr outine, Subroutine ALBERT, converts the point and side 
descriptions (which are input) into six pl ane equations and adjusts the sign of 
the coefficients such that 

Subroutine ALBERT then stores these data in the ASTER array. 

The statements 

OlMENSJON AAC6t4t, . PCl) 
COM~ON ASTERCl OO OO l 
CaMMON/PAA[M/X8Cl)tWBI3 ) tiA 
caMMON/G[OMIL8ASEtAJNtAOUTtLAitLAOt~JN,tiiARtbfST 
caMMON/UNCGEM/NRPPtNTRJ,,NSCALtHBODYtNAMAXtLTAIP tLICAltLAIIOt 

l LDATatlAJN•LAOTtLIOel0COA•Il8tlJOtL80DY•NAtc,~L~ 
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are used to dimension arrays and pass information into and out of this routine. 

The statements 

e 
e ; RfTAI!Y[ PLA~AA tOUATtONS ~AOM AITtA ARRAY 
e 

l.OC~tLOCDA•l 
on 10 1•1•6 
&.OC•LOC•l 
CALL UNZCLOCtLDtLCJ 
AACl•l>"ASTEAILC) 
AAllt21•AST!ACLC•t) 
AAlltll•AST!A CLC•Z) 
AAllt41•ASTERILD) 

10 CONTINUE 

are used to retrieve the coefficients of the six planar equations stored in the 
ASTER array. Subroutine UN2 is used to retrieve the locations at which they 
are stored . The retrieved values are stored in the AA array as follows: 

AA(I , 1) 

AA(I, 2) 

AA(I,3) 

AA(I,4) 

where I and i = 1, 6. 

The statements 

Rt N••PlN' 
AOUTePIN, 
LAO•o 
LRI•O 
!I}•O• 
!12•0• 
Ll•O 
L2•o 

A 
i 

= Bi 

c. 
1. 

= Di 

are used to initialize variables which will be util ized duri ng t he computations. 
RIN is set equal to -loSO , and ROUT is set equal to Io50. The other variables 
are set equal to zero. 
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The statement 

is used to start a loop which performs computations for each face of the ARB. 

The statements 

c_ 
C~ CO~PUTE NUM[AATOA AND O£NOMINAT~ 0' DISTANCE fQU&TION e 

OeU{t,6J 
SNUM••O•AA(ItlJ•XB(l)•AAIItZI•XIIzJ•aaCltl)•lB(J) 5DEN•&Alltti•WBC1J•AA(JezJ•WBlzl• A~Cltli••IC)I 

are used to compute the numerator and denominator of Equation 

- (A. XB + B. XB + C. XB + nJ 1 X 1 y 1 Z s . = --------------~--~--~--~ 1 

The statements 

trcsOENI2o•?O•lO 
20 1~(5NUM)40t?Ot70 
JO f'C5NUNJ10t10t40 

(82) 

are used to test whether an intersection with the plane is possible. If the denominator is zero, the ray is parallel with the plane and will not inter­sect. If the numerator and denominator are both greater than zero or both less than zero the ray will intersect the plane. 

The statements 

c 
C~ COMPUTE INTERSECT DISTANCE 
c 

40 S.SNUM/SOEN 
00 50 IC•ltl 
XP(K)•K&CKI•S•~BCKI 

!0 cnNTINU£ 
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are used to compute the distance from XB to the plane in question using 
Equation~2) and the x, y, and z coordinates of the point at intersection 
XP usin g the Equation 

XI = XB + WB·S 
i i 

The statements 

c 
C• TEST I' lNT£ASECT POI NT IS ON AAB 
c 

00 60 J•lt6 
I' Ci e!QeJtGOTO 60 
T•AACJ t ti•XPCl J•AA (J•zi•XPCZ)•AAlJ•lt•XPC3)+AA(Jt4) 
I'(A9$ (l)oL[o}o0£•61T•o • -
I'CTeLT•O•tOOTO To 

60 CONTINUE 

(83) 

are used to tes t whether the intersect point is on the face of t he ARB. If 
the point XP is on the face of the ARB,it will be on the(+) side of the five 
r emaining planes. Each of the remaining planes is tested using t he 
relationship 

A X + B Y + C Z + D > 0 (j = 1 , 6) 
j j j j 

If the result is less than zero for any of the remaining planes, the ray 
does not intersect the face of i nter est . 

The stat ements 

I'CLleGTeO ) GOTO 65 
Ll•l 
St•S 
BOTO To 

65 lrCA85CSl•S),GTol•0£•6)GOTO 100 

are executed if the test described above is satisfied. When the first 
intersection is computed, Ll i s set equal to the face number and Sl is 
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set equal to the computed intersect distance. When the second intersection is computed , the two intersect distances are compared . If 

js1-sj ~ 1x1o-6 

execution transfers to Statement 100. 

The statement 

is used to complete the loop considering all six faces. 

The statement 

c 

is used to test whether a singl e intersection has been computed. sections were found , execution is transferred to Statement 200. section was found, execution transfers to Statement 150. 

The statements 

100 Sl•S 
Ll•t 
I~CABSCSl•SZ i oL[oSl•l • O[•! I 80TO 200 

If no inter­
If one inter-

are executed when two intersections are found. S2 is set equal to the second intersection distanc~ and L2 is set to the face number which contains the intersection. A test is made to insure that Sl and S2 are not the same value within a tolerance of lXl0-5 . If Sl equals S2, the intersections occur at the intersection of two faces, thi s is assumed to be a miss , a nd execution trans­fe r s to Statement 200 . 

The statement 
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is used to compare Sl with S2 and branch accordingly. If Sl = S2, execution 

transfers to Statement 200, which records a miss. If Sl > S2, execution 

transfers to Statement 120. 

The statements 

110 AIH•Sl 
ROUT•Sz 
LAI•Ll 
LA0•L2 
A[ TURN 

are executed if Sl < S2. These are used to set RIN equal to Sl , ROUT equal 

to S2, LRI equal to Ll, and LRO equal to L2 . Execution then returns to the 

calling routine. 

The statements 

120 AtN.S2 
LAI•L2 

llO AnUT•Sl 
LAO•Ll 
A!TUAN 

are executed if Sl > S2. These are used to set RIN equal to S2 , ROUT equal 

to Sl, LRI equal to L2, and LRO equal to Ll. Execution then returns to the 

calling routine. 

The statements 

150 DO 160 J•l,6 
IFlLl•[OeJ)OOTO 160 
Tl•-AfJtll•XBfl>•AACJ•2l•X8C2l•AACJt]t•aiCJ)•AA tJ,4l 
I'IAB5CTlloLE•l•Of•6)TJ•O• 
t~fTleLToOe)BOTO 200 

160 CONTINUE 
onTn 130 

are executed if only one intersection is obtained, i . e., the ray originated 

within the ARB. 
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If the ray originated within the ARB, XB will be on the (+) side 
of each of the six faces. The relationship 

is tested. If it is greater than zero for each of the faces, execution 
transfers to Statement 130, setting ROUT equal to Sl and LRO equal to the 
face number containing the intersection point. Execution then returns 
to the calling routine. 

c 

c 
c 

The statements 

200 RIN•PtN, 
ROUT••PJNr 
LAI•O 
LRO•o 
A! TURN 
!NO 

(81) 

are executed if no intersections with the ARB are found. RIN is set to 1050 , 
ROUT is set to -lo50, and LRI and LRO are set to zero. Execution then 
returns to the calling routine. 
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Subrout ine TEC 

This subr out i ne is used t o compute the i ntersection of a ray with a 
truncated ellipt ic cone as depicted in the fol l owing f i gure: 

X 

XB start ing point of ray 

WB direction cosines of ray 

V vertex of TEC 

H height vector of TEC 

N direction of normal to base 

A direction of semi-major axis 

Rl the radius along t he semi- ma jor 
axis of the larger e l lips e 

R2 the radius along t he semi-minor 
axis of the larger ell ipse 

R3 the radius along the semi- major 
axis of t he smaller ell ipse 

R4 the radius along the semi-minor 
axis of the smaller ellipse 

FIG. 69. Truncated Ellipt ic Cone 

The s t atements 

O t~ENS ION VX 8 ( ) ) ·~ 13) t HNI3 1 t AA Ul t8i:H31 
OtMENSJON MASTER <tOOO O) 
COMMON ASTE~ Il O OOO l 
eoN~ON/PAR[M/X8ClltW8 C3JtiA 
tnM~ON/GEOMILBAS!tAlNtAOUTtLAitLAOt~l~tiiAAtOlS! 
COMMON!UNCGEMINRPPtNTAIPtNSCALtNIOOYeNAMAXtLTAIPeLSCALtLAEGOt 

1 LDATAtLAINtLROTtL10eL0CDAti1StllOtL80DYtNASc,~LOOP 

are used t o dimension arrays and pass informa t ion into and out of thi s 
subroutine. 
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The statement 

is used to set the MASTER array equivalent to the ASTER array. 

The statements 

c_ 
~ 1 A£TAlfV! LOCATION 0, V!~T[X AND MlliWT VECTOR COOAOlNaTES c 

c 
CALL UNiCLOCOAelV,lMI 
LOC•LOCDA•l 

C? RETRIEVE LOCATION 0, NOAMAL AND AX[~ COOAOINATES c 

c 
CALL UNZCLOCtiNeiA t 
LOC•LOC•l 

~~ A[TRI[V[ LOCATION OF LENGTHS 0, ~Ml•MAJOA a•ts ANO C !!Ml•MtNOA aXIS 0' 8&5[ lLLIPS[ c 
CALL UN2CLOCtiAletAll 

ar e used to retrieve the pointers to the coordinates of the vertex, the height vector , the normal, the semi-major axis, and the pointers to the length of the semi-major axis and semi-minor axis of the larger ellipse from the MASTER array. 

The statement 

c 
C4 RETAt£V[ LOCATION 0, TM[ A&TlO Of TH[ LAAQIA TO IMALL[A £LLtP!! c 

is used to retrieve the locati on of the ratio of the larger to the smaller ellipse f rom the }tASTER Array . 

The statements 
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c. 
C~ ~!TA1£Vf COOAOI~AT£5 0' VERTEX ANO ~ONPUT£ COORDINATES 
C 0' CY•XB) VECTOR 
e 

VXBflJaASTERClV)•XBCl) 
VXAfZJ.ASTERCIY•l)•X&Czl 
VX8Clt•A5TEAllY•l l •X8t]t 

TN 4565-3-71 Vol II 

are used t o retrieve f r om the ASTER array t h e ~' YL an~ z_£omponen~s of t he 
vert ex and to fill a thr ee-element arr ay wit h V - XB , V -XB , and V - XB . 

X X y y Z Z 

The statements 

c 
CA ~(TRIEVE COOAOINATES 0' H[IQHT VECTOR 
c 

H t 1 l .ASTER t 1 .. ) 
HC2J•AST£ACIW• ll 
Hf!)•AST[RCIH•zl 

a r e used to retrieve the x, y, and z component s of the height vector from the 
ASTER a rray and to store them in a t hree- element array . 

The statements 

c 
C7 RETRIEVE COORDI~ATES 0' NORMAL TO BAS£ fLLIPI £ 
c 

HN (l hUTfR (lNJ 
~NCzt•AST!A C IN•t l 
HNC3J•aSTEAC1N•ZI 

are used to retrieve the x > y, and z components of the direction of the normal 
vector from the ASTER array a nd t o store them in a three- element arr ay . 

The statements 

e 
~" RETRIEVE COOADlNATf:S 0' S[Ml•MAJOM AKIS M lAS£ fLLIPS£ 
e 

U Cl I •aSf[R CIA) 
AACzt•aSTEACI A•t ) 
AA(ll•aSTEACia•rl 
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are used to retrieve the x , y, and z components of the direction of the semi­major axis vector f r om the ASTER array and to store them in a three- element array. 

The statement 

~t COMPUT! S!MI•MINOA AXIS UNIT VECYOA O' BAlE l~LIPSI c 
CALL CROSSCIItAAtHN) 

is used to compute the cross product of the direction of the semi-major axis 
vector and the direction of the normal vecto~ whicb results in the direction 
of the semi-minor axis. 

The statements 

e_ 
~10 RETRIEVE LENGTHS 0~ S[Ml•MAJOA AND S[~l•MINOA AX[S ~ BAS[ 
~ ELLIPSE AND RaTIO 0' L&AO[A TO IMALL[A [LLIPS[ c 

Al•AST[ACIRll 
q2•AST[A(lR21 
RA•ASTEACIRJ) 

are used to retrieve the length of the semi-major axis of the base ellipse, 
the length of the semi-minor axis of the base ellipse, and the ratio of the 
base to the top ellipse. 

The statements 

~\1 COMPUTE LENGTHS 0' SEMI•MAJOA A~ S~MJ•~JNO~ aX£$ OF TOP ELLIPS! c 
RJ•Al/AA 
A4•RziAA 

are used to compute the lengths of the semi-major axis and the semi-minor 
axis of t he top ellipse. 
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The statements 

START 0, COMPUTATIONS 'OR DOT PRODUCTS 

HDN.DOT ( H,H~ ) 

loiDAeDOTCHtUl 
Hoe•ooTCH•ssl 
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are used to compute the dot products of the height vector and the normal 
vector, the height vector and the semi- major axis vector , and the heigh t 
vector and the semi-minor axis vector . 

The statements 

WON•OOTCWBtHN ) 
WOA•OOTCW&tUt 
wOB•OOT(W8t88l 

are used to compute the dot products of the direction cosines of the ray and 
the normal vector, the direction cosines of the ray and the semi- maj or axis 
vector, and the direction cosines of the ray and the semi-minor axis vector. 

The statemen ts 

VX90N•OOTCVXRtHNl 
VXBOA•oOTCVXB•lll 
VX808eOOTCVX8t88l 

are used to compute the dot products of the (V- XB) vect or and t he normal vector, 
the (V-XB) vector and the semi- major axis vect or, and t he (V-XB) vect or and t he 
semi-mi nor axis vector . 

The sta t emen t 

c_ 
C1l T£ST TO OET!R~lN! 1' RAY IS P&A&~~£~ TO TOP AND iA~ 'LlN[S 
c 

IFCA85(W0N),GT.o.000l)80TO 20 
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is used to test for the ray paral lel to the top and base planes by evaluating 
the absolute value of the dot product of the direction cosines of the ray and 
the normal vector (WB·N). For WB ·N & 0, the ray is perpendicular to the normal 
vector and parallel t o the top and base planes . 

The statement 

c C14 COMPUTE RATI O ON NOAM4L TO HftGHT O' ~ll 
c 

begins the calculations for determining the intersections of a ray parallel 
to the top and base planes . This statement computes the ratio on the normal 
of the height of the hit. 

The statement 

is used to test the r atio on the norma] of the height of the hit. If the 
ratio is greater than one or less than zero, the ray is either above or below 
the body, and a miss occurs. 

The statements 

a r e used to compute the length of the semi-major axis of the in t ersection 
ellipse from Equation(86)and to compute the lengt h of the semi-minor axis 
of the intersection ellipse from Equation~n . 

wher e y 

M = yR3 + Rl (1-y) 

m = yR4 + R2 (1-y) 

(v-xs) ·N 
H·N 

412 

(86) 

(87) 



TN 4565-3-71 Vol II 

The statements 

are used to compute M squared and m squared of Equations (86) and(87), which will 

be used to solve Equation(9~ for a ray parallel to the top and base planes 

intersecting the TEC. 

(92) 

which is of the form 

2 TS - 2S;>.. + IJ = 0 

Solving for S gives 

;>.."!:lx _lJT 
s 

T 

Therefore 

IRIN ). -~'~ (93) 
• 

I ROUT = A + /:2-pT I (94) 
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The statements 

TA•VXBOA•GAMMA•HDA 
Te•VX808•G&MH&•HD9 

are used to compute quantities that are used in solving for A and ~ for 
Equation (92). 

The statement 

is used to solve for T in Equation~~. 

The statement 

l'lABSlO!N l oL!eO t 0001)80TO !00 

is used to determine if the absolute value ofT of Equation(92)is less than 
or equal to a very small value,which indicates that the ray misses the TEC. 

The sta.tements 

&Heoa•eso•wo&•Ta •aso•~oa•Te 
UH•BSO•TA*TA•ASO•TB•T&••So•&SO 

are used to compute the values of ). and iJ in Equation(92). 

The statement 

is used to compute the value under the radical of Equations (93) and(9-4}.. 

The statement 
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is used to determine if the value under the radical of Equations(93)and(94) 
is less than zero, which means that the ray does not intersect the TEC. 

The statement 

DUC•SQAT COJIC) 

is used to compute the value under the radical of Equat i ons(93)and(94)if 
the ray intersects the TEC . 

The statements 

A!H•CAM80A•DISC)/D!N 
AOUT•IAM8DA•DISC)10IN 
l.Rt•3 
l.RD•l 
ctOTO 400 

are used to compute the values of 
The surface number entry and exit 
ROUT with the quadratic surface. 
to verify the intersection points. 

The statement 

RIN and ROUT by solving Equations (93) and (94). 
variables are also assigned for a RIN and 
The subroutine branches to another section 

c 
e; 6 SOLV! ;oR T£A"S IH QUADRATIC EQUATION 
c 

begins the calculations for determining the intersection of a ray with the 
TEC where the ray is not parallel to the top and base planes. This state­
ment is used to compute the square of the ratio of the length of the semi­
major axis of the base ellipse to the length of the semi- minor axis of the 
base ellipse. This will be used to solve Equatioo(lOl) for a ray that 
intersects the TEC and is not parallel to the t op and base planes. 
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62 [(aWB•A-R·A) 2 + (Rl/R2)
2 (aWB·B-H·B) 2 - (R1/R2)

2 
(R4-R2)

2
] 

2 2 
-26 ~aWB·A-H·~ ((v-xB) ·A-8WB·A) + (R

1
/R2) (R2){R4) - (R

1
/R2) (Rzf 

+ (Rl/R2) 
2 

(aWB·B-H·B) (~-XB) ·B-BWB·B)] 

+ [(~-xB) ·A-eWB·A) 2 + (Rl/R2)
2 (&-Xll) ·l!-e11B·'I!) 2 - ftd

2 
(R2) 2 

where 

e ~ (v-xB) ·N" 
WB·N 

which is of the form 

2 
T6 - 2A6 + ~ = 0 

Solving for 6 gives 

o = (V-XB) 

where 6 is the ratio of the distance from the base plane to the plane of 
the intersections. 

Therefore, 

I e 1 : A - : A L,u I 
I e 

2 
A+ : A 2_,u I 
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The equation 

f s ... ae + a I (95) 

is the equation for computing the distance along the ray to the point of 
contact where a is the distance along the ray f r om the plane of t he base 
ellipse to the plane of the top ellipse and 8 is the dis tance along the r ay 
from start of ray to the plane of the base e l lipse . 

Therefore~ 

RIN 

(106) 
ROUT = ae 2 + 8 

where RIN and ROUT are possible candidates for the entry intersection and the 
exit inter section, respectivel y. 

The statements 

RzSQ•Rz•Rz 
T~2SQ•TAU*R2SQ 
TR4Rz•TAU*CR2•A4 )••z 
TAR4R2•TAZSQ•TAU•Az•A4 

are used to compute various quantities using t he lengths of the semi-major 
axis of the base and top ellipse and the length of the semi-minor axis of 
the top ellipse to sol ve for the coef ficients of Equat ion UO~ 

The statements 

AETA•VX&ON/WON 
AI,.P~A•HON/WQH 
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a r e used to compute the distance along the ray from the start point to the 
plane of the base ellipse and the distance along the r ay from the plane of 
the base ellipse to the plane of the top ellipse. 

The statements 

TAl•AlPHA•WOA•HOA 
TBl•AlP"A•WOB•HOB 
TA2•VX90A•BETA*w0A 
Ts2•v•aoa·sETa•woe 

are used to compute quantities for solving,, A, and the constant term v 
in Equation (10]). 

The statements 

DE~ •TAl•TAl•TAU!TBl•TBl•TR•R2 
A~BOA•TAl•TAz•TaU•Tel•TB2•TRR4A2 
UM •Taz•Taz•Tau•Tez•Tsz•TAzso 

are used to compute the values of T , A, and the constant term ~ . 

The statement 

I~CABSCDENl.GT .o. OOO l lOOTO 150 

begins the computation for the intersection of the ray and the side of the 
cone. This statement is used to determine if the absolute value of T is 
greater than approximately zero. If not, the ray is parallel to the axis. 

The statement 

is executed if it was determined by the last instruction that the ray is 
parallel to the axis. This statement is therefore used to determine if the 
length of the semi-major axes of the top and base ellipses are equal. This 
would mean that the sides are parallel to the axis of the TEC; therefore no 
intersection with the sides would occur for a ray parallel to the axis 
of the TEC. 
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The statement 

is executed i f the sides of the TEC are not parallel to the axis of the TEC 

as determined by the last instruction. This statement therefore determines 

if A f r om Equation(lOl)is ze r o. If it is zer o, no intersection with t he 

quadr atic sur face can t ake pl ace. 

The statements 

c_ 
C17 THE RAY MISSES TH£ QVAOAATIC SURF•CE 0, fWt T[C 
c 

100 St ••PINF' 
S ;;~•Pl ~F 

OOT O ZOO 

are used t o set tempor ary values for the int ersections with the quadratic 

s urface to an extremely small value and an extremely large value i f it was 

previously determined that the ray could not intersec t the quadrat i c surf ace 

of the TEC. 

The statement 

is executed when T is zero, the sides of the TEC are not parallel, and A i s 

not zero. Ther efore, e s ~/2X . 

The statement 

c. 
~11 COMPUTE O I ST-~CE TO l NTEHSECT WI ! H ~UAD~ATlC 5UR~ACE 

1?.0 S•~ETA•ALP~&•T 

is used t o compute the distance from the origin of the ray t o the intersection 

on the quadrat ic surface. 
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The statement 

is used to compute the vertical distance between the plane of the base ellipse 
and the plane of the intersection on the quadratic surface. 

The statement 

is used to determine if the vertical distance between the plane of the base 
ellipse and the plane of the intel'section on the qnadratic surface is very 
nearly zero. If the distance is approximately zero, the intersection takes 
o lace at "' come,.. at t he base plane. 

The statement 

i~ used to dete-rnine if the intersection occurs belo\v the plane of the. base 
elUpse. 

The statement 

is used to determine if the vertical distance between the plane of the top 
ellipse and the plane of the intersection on the quadratic surface is very 
nearly zero . 1f the distance is approximately zero, the intersection takes 
place at a corner at the top plane. 

The statement 

IF(FoGToHONIG~TO 100 

is used to determine if the intersection occurs above the plane of the top 
ellipse. 

420 

• 



TN 4565-3-71 Vol II 

The statement 

\25 tF(W0Nlll0t500•l4U 

is used to determine the direction of the ray with respect to the normal. 

If WB·N is zero, mean ing that the ray is perpendicular to the normal, a 

miss of the TEC is recorded since execution of thi s statement meant that 

the ray was intersecting the quadratic of either the top or base plane. 

The statements 

c 
C19 ASSIGN TEMPORARY YALUF.S TO ~IN ANO HQUT PER OIR~CTION OF ~AY 

c 
l3n Sl•S 

S2•PINf 
GnTn zoo 

140 St••PlNF 
S2•S 
GOTO 200 

are used to store temporary values of RIN and ROUT with th~ quau t·a tic surface, 

depending upon the direction of the ray. A branch is then made to compute the 

possible intersections with the top and base planes. 

The statements 

c 
C'O qav PARALLEL TO StOE 
c 

150 OISC•AN80A•A•·Hl0A• IlEN•IIM 
IF<48SCOlSCI ,GT. o ,oOO}lGOTO lSS 
hA"'BOA/OEN 
onTn 120 

2 
are used to compute the value of A -~T and to test the result to determine if 

the absolute value is large enough for the ray to intersect two sides of the 

cone. If it is, control is transferred to compute the ray intersections with 

the side of the cone. If the value is very nearly zero, indicating that the 

ray is parallel to one side, the value of e = A/T is computed, and control is 

transferred to compute the distance to the intersection with the side of 

the cone. 
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The stat ement 

2 is used to determine if the val ue of A -~T i s negative . If i t is, no 
intersection with the TEC can occur . 

The statements 

c 
C11 SOLVE FOR TWO INTERSECTS WIT~ QUAUAATlC SUM,ACE c 

DlSC•SQAT IOISC) 
T) • IAM80A•OtSCl /OEN 
Tl•IAMROA•OtSCl /OEN 
S1•8ETA • ALPHA•T1 
S~•BETA•ALPHA•Tz 

are used to compute V A2 - ;u and, using this value to solve Equations UO~ 
and (lOS) for e. These values a r e used to solve Equation(lO~. 

The statement 

is used to determine the direction of the ray with respect to the TEC by 
evaluating WB·N. 

The statements 

are used to interchange the computed values of RIN and ROUT if it was deter­
mined by the l ast instruction that the direction of the r ay is negat i ve with 
respect to t he normal of the TEC. 
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The statements 

c_ 
C1.Z DETERMINE IF SlOE I~T~ASECTION HET•tEN PLANES 
c 

160 F•Sl•WON-VXBO~ 
IFIFoLToOaO)GOTO 170 
IF(~•LEoHO~IGOTO JBO 

PO St•-PINF 
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are used to compute the vertical distance etween the plane of the base 
ellipse and the plane of the first intersect ellipse computed by Equation 0.06). 
This distance is evaluated to determine if the intersect occurs between the 
plane of the base ellipse and the plane of the top ellipse. If not, the 
intersection distance is set to an extremely large negative value. 

The statements 

\BO F•S2•woN-VXBON 
IFlFeLT•O•OIGOTO 190 
lFIFe LfoHONIGOTO 200 

190 Sj!•PlNF 

are used to compute the vertical distance between the plane of the base ellipse 
and the plane of the second intersect ellipse computed by EquationU06A This 
distance is evaluated to determine if the intersect occurs between the plane 
of the base ellipse and the plane of the top ellipse. If not, the intersection 
distance is set t o an extremely large positive value. 

The statement 

c 
200 Jf(WQN) 220ollU•2JO 

begins the calculations for determining the intersections of a ray with the 
plane of the base ellipse and the plane of the top ellipse . This statement 
is used to determine the direction of the ray with respect to the planes of 
the TEC. 

The statements 

c 
c,J Q4Y P4RALLfl TO PLANES 
c 

21 ~ St•-PINF 
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are executed if the ray is parallel to the two planes of the TEC. Therefore, 
the entry intersect with a plane surface is set to an extremely large negative 
value, and the exit intersect with a plane surface is set to an extremely 
large positive value. 

The statements 

c 
C~4 cn~PUT£ lNTERSECTJONS ~lTH ~LANE SU~fACES 
c 

220 St•AETA•ALP~A 
sn•sETA 
LY•2 
LOS) 
AOTO 240 

are executed for a ray moving in a gene ral direction from the top to the 
bottom plane. These statements, therefore, compute the distance along the 
ray to the top and bottom planes, respectively. The surface number assign­
ments are also made for a ray entering the plane of the top ellipse and 
exiting from the plane of the base ellipse. 

c 

The statements 

lJO St•BETA 
Sn•REh•AL.PH A 
\.t•l 
L."•i? 

are executed for a ray moving in a general direction from the bottom to the top 
plane. These statements, therefore, compute the distance along the ray to the 
bottom and top planes, respectively. The surface number assignments are 
made for a ray entering the plane of the base ellipse and exiting from the 
plane of the top ellipse . 
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The statement 

is used to determine if the ray misses the top or base planes by evaluating 
the distance to the plane that the ray exits. If the distance is negative, 
the ray is moving away from the TEC. 

c. 
C~5 

c 
lOO 

The statements 

OE TERMT NE w~tCH SUAFAr.E lS MlT 

JFcSI.GEeSt 1GOTO 310 
IFIARSCSI•SlloLEoO•OOOllGOTO llU 
RJN•Sl 
Lqi•J 
GnTo 350 

begin the computations to determine if the ray intersections with the TEC occur 
at the quadratic surface or at a planar surface. A test is first performed to 
determine if the entry intersection is on a plane surface or on the quadratic 
surface. If entry is on a plane surface, a branch is made to record RIN and 
the entry surface number. If the entry occurs on a side, a test is made to 
determine the difference between the potential entrance on a plane and the 
potential entrance on the quadratic surface . If the intersections with the 
plane surface and the quadratic surface occur simultaneously, a branch is 
made to record RIN and the entry surface number for the plane surface. If not, 
RIN and the entry surface number are recorded for the quadratic surface. A 

branch is then executed to compute ROUT. 

The statements 

are executed if the previous tests determined that the ray first enters a plane 
surface. RIN and the entry surface number are assigned from previously 
computed values. 
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350 

The statement s 

triSO.LE•Sz l GO TO 360 
IFI-BSISO•Sz t .LE• O•OOO}IGUTO 
ROUT•S2 
LI~O•l 
GOTO 400 

360 

are used to determine if the exit intersection occurs on a plane surfac~ or on 
a side of the TEC. If the exit is on a plane surface, a branch ;;: mane to 
record ROUT and the exit surface number. If the exit intersectHm oc~urs on a 
side a test i s made to determine if the intersection with tt,e plane s urface 
and side surface occur simultaneously. If it does, a brar _ is made to record 
ROlli and the exit surface number for the plane surface. It it does not, ROUT 
and the ~xit surface number are recorded for the quadratic gurface . 

The <ltatements 

J60 RnUT•Sn 
L~O•LO 

are ~xecuted if the previous tests determined that tne ray first exited a 
plan"' "-••t ~ace . ROUT and the exit sur face number are assigned from previously e 
comput~c1 values. 

c 

The statements 

• oa TF" fiH N. GE . ROU Tl uflTO S il O 
IFIABS!RlN-~OUTl. L E• O . oOOl lGOTo 500 
I rCROU T•LE•O• OIGOTO SOO 

are used to test the computed values of RIN and ROUT. If RIN is greater than 
ROUT, or the differ ence between RIN a nd ROUT is extremely small, or ROUT is 
negative, the ray misses t he TEC, and a branch i s therefore performed to record 
the miss condition . 

The statements 

c 
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are used to made an assumption that ROUT is from a plane and to assign one to 
the variable I for later use in a computed GOTO statement. 

The s ta temen t 

is used to branch the program to determine if the exit of the ray from a plane 
lies within the boundary of the ellipse. The destination of the branch depends 
upon the surface number from which the ray exits. If ROUT is from the side, a 
branch is made to verify RIN. 

The statements 

are used to make an assumption that RIN is into a plane and to assign two to 
the variable I for later use in a computed GOTO statement. 

The statement 

is used to branch the program to determine if the entry of the ray into a 
plane lies within the boundary of the ellipse. The destination of the branch 
depends upon the surface number from which the ray exits . If RIN i s into the 
side, a branch is made around the calculations for the planar intersection. 

The stat ements 

c. 
~~6 DETERMINE I' INTEAI!CTION WITM IAI[ ~LAN! LIES WITHIN 
C CAnSS SECTION 0' BAS[ tLLI~I[ 
c 

42o 'l•S•woA.vxaoA 
'2•S•WDB•VX&08 
,., l .~l/CA!•AJ ) •,,•,ZI CAZ•Azl 
I, C,eGTel•OOOli&OTO 100 
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are used to compute the base plane int ersect distance (Fl) from the center along the semi-major axis and the dis t ance (F2) along the semi-minor axi s. These distances a r e used to solve the equation of the ellipse of the 
base plane (Fl)2/(R1)2 + (F2)2/(R2)2. A test is made to determine if the int ersect lies outside the ellipse of the base by evaluating the results of the above equation for greater than one since the general equation of an ellipse is x2/a2 + y2Jb2 = 1. 

The statement 

GOTOl410t480)tl 

is a computed GOTO statement that performs a branch based on whether or not the RIN intersect has been verified. 

The statement 

is used to determine if the plane of the top ell ipse has any area. 

The statements 

8'-1 O[T£A~IN[ Ir INTE~SECTlON ~ITH TOP PLAN[ ~lEI -lTHI~ 
C CROSS SECTION 0' TOP El~lPSE c 

Fl•S•WO&.VXBOAwHO& 
,z•s•woa-vxeoe•HDB i•F1•,t1CA]•AJ)+,z•,21CA.•R•) 
t~C, eGTele 0001)00TO !OO 

are used to compute, for the top plane, the distance (Fl) of the intersect along the semi- major axis and the distance (F2) of the intersect along the semi-minor axis. These distances are used in the equation for an ellipse to determine if the intersect lies outside or inside the ellipse of the top plane. 

The statement 

anroc•to••ao••t 
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per forms a branch depending on whether or not the RIN inter sect has been 
verified . 

The stat ements 

~1& RA Y ORtGINAT£S wJTHIN TlC 
c 

480 I'CRIN,OT ,o.OOOl t ~(TUAN 
RtN•••OOOl 
t.RJ•o 
RETURN 

test RIN for a positive distance . 
returned to the calling program. 
the TEC . RIN is therefore set to 
entrance number is set to zero . 
pr ogram. 

The statements 

c 
C29 RAY HlSS£5 T£C 
c 

500 AIN•PIN, 
ROUT••PIN' 
LAl•O 
I.RO•O 
A[TUAN 
[NO 

If RIN is a posi t ive distance, control is 
I f RIN is negative, t he ray originates within 
a small nega t ive value and the sur face 

Control is then returned to the calling 

are used if the ray misses the TEC. RIN is set to an extremely large posit ive 
va lue and ROUT is set to an extremely large negative val ue and returned to 
the calli ng program. 
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Subroutine ARS 

This subroutine is used to compute the intersection of a ray with an 
arbitrary surface, where the arbit r ary surface is defined by a specified 
number of curves and a specified number of point s on each curve. The figure 
described must be closed and solid as shown below: 

1 & 5 

z 4 

4 

Curve 2 

--- Curve 3 
y 

X 

XB starting point of ray 

WB di rection cosines of ray 

RIN distance to entry intersect 

ROUT distance to exit intersect 

FIG. 70. Arbitrary Surface 
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The statements 

SUBROUTINE ARS 

SURROUTtNE COMPUTES INTERSECTIONS OF RAY wiTH &R81TQAAY 
SUR,ACE .. ARS 

OIMENSJON Wl3) tUWC3) tVW(J) , WX8(JJ tWN(3)' 
1 HITI20l,ORMAL13,20l•ISURF120l 

DIMENSION M~STERil~OO~l 
COMMON ASTERilOOOOl 
COMM0N/PAR~M/X813)•W8 13 ltlR 
COMMON/GEOM/LBASE,RINtROUT,LRteLRO,PtNF•IEAR t OIST 
C0MM0N/UNCr.EM/NRPPtNTRyP,NSCALtN80QY,NAMAXtlT~tP•LSCALelAEGOt 

1 LOATAeLR1NeLROTtLIOeLOC0Aell5•llO•L~n01,NASCtKL00P 
COMMON/DAVJS/JGRJ~tLOOPtlNORM 
COM~ON/W~lr.H/N80 

are used to dimension arrays and pass information into and out of this sub­
routine. 

The statement 

EQUlVALfNCf (MASTERtASTERI 

is used to set the MASTER array equivalent to the ASTER array. 

c 

The statements 

901 FORMAT(}~Oo\2H[RROR IN AAS,l5t4Xt22HNUMRE~ OF HITS oGT, 201 
902 'ORMAT(l~Ool2HERRQ~ IN ARS,{S,4Xe2}HNUMRER OF HlTS IS OOOt 

1 2Xo~~INHtT•tlStl~l l 
903 f0RMATt,HOtl2HlRROR IN AWS,J~e4Xt27HW~ONG SEUUENCE I N HIT TABLE• 

) 2Xo6HINHTTt,l5tl~l l 
910 f0RMATISXt46HTHlS ERROQ USUALLY MEANS THE ARS lS NOT CLOSEO I 

1 9X,JHHtT,5~·7H~URFACE I (Fl~·••Il2l l 

are used to format output messages Yhich will occur in the subroutine if cer­
tain errors are detected. The following comments explain the data storage of 
the ARS. 

c 
c A~c; I) A'T f, ~TOR AGE IN ASTER AHRAy -

c 
c t.OCARS 
c . n NP - ''h11'4~EP OF 1-'0lNTS 
c • 1 N~TT - ~UM8EA OF ~ITS 
c •2 ) 

c - J.IESE.~VE RO WOAD~ F"oR 11lTS t• ~EA HlTI 
c - ALLOWc; fOR 10 PAlRS OF RIN/AOUT 
c •61 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

:a LOC~RS • 2 S • ntSTANCE F~OM START POINT XB TO TRIANGLE HIT 
NX - fllRECT ION COSINES OF ~ORMAL TO TRIANGLE HlT 
NY CNX,NY,NL) 

.. 
y 

NZ 
- 4 WOWilS PE~ POINT (Xt'~tll 
- NP IS TOTAL NU~bEH Of POINTS 

2 
fL4G - SET % -1 
• LOCA~S ~ B:> 

)( 

y 

z 
fLAG 

The statements 

O~ TERMT Nf If RE ~~TRY 

LncARS:MASTF.RCLOCn&l 
l0Ct·4TS•LOCAHS•2 
JF( LOOP,NE.~LOOPIGOTO 10n 

TO StG~AL LINE OR POINT TRIANGLE 

are used to set LOCARS to the first word of the data for the ARS. LOCHTS is 
set to the first storage word of 80 words reserved for hit data. A test is 
then made to determine if the intersects for the current ray have already been 
computed from a previous entry to this subroutine. If not, the subroutine 
branches to clear the hit table and compute the hits for the current ray . 

c 
c 
c 

c 
c 
c 

The statements 

REENTRY 

NHJT•~ASTERILOCARS•ll 
IF"CNHIToLE.OIRETURN 
LOC•LOC HTS 

MOVE INTEHSECT DATA TO HI T ARRAY 

00 10 l•h NHIT 
HlT(J) aAST€RIL OCI 
LOC•LOC•~ 

10 cnNTINIJF 
GOTO 600 

are executed if the intersects for the current ray have already been computed 
from a previous entry to this subroutine . These statements are used to locate 
the number of hits for the current ray. If there were no hits on the ARS for 
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the current ray, the subroutine returns control to the calling program. If 
there were hits, LOC is set to the starting location of the hit data. The 
distance from the current origin of the ray, XB, to each intersect of the ARS 
is stored in the HIT array by the DO loop. The program then branches to 
determine the correct RIN/ROUT pair for the current ray origin, XB. 

c 
c 
c 

The statements 

NOT A REENTRY - ZERO tNTEASECT OATA SECTION OF ASTER ARRAY 

100 NHll•O 
N•l 
IF(NASc.Ea .-2>GOTO 400 
~l•LOCHTS 
~2aLOC~TS•79 
00 110 L•~lol2 
ASTER(L)•O. 

110 CONTINUE 

are executed if the intersects for the current ray have not already been com­
puted from a previous entry to this subroutine. The number of hits counter 
is initialized to zero, and a test is made to determine if the normal to the 
intersect is to be computed. If not, the hit table for storing hits is init­
ialized to zero. 

c 
c 
c 
c 
c 

The statements 

cO~PUTE FOR ~tT Or. TRlANG~E IT, STORE fLAG AT ASTERt~OC•1) 
- 1 TRlANGLE I~ A POINT OH LlNE COE-GENE~ATEJ 

o NON•OEGEN~RAT[, COMPUT~ INTERSECT UiTA 

400 L0C•L0CARS•82 
NTa~AS TERILOCARSl-2 

are used to set LOC to the beginning location of the ARS point data and to set 
NT to the total number of possible triangles formed by the ARS points. 

The statements 

DO •9~ JT•loNT 
tFCASTERILOC•Jl.LToOoOlGOTO • 9 0 

are used to begin a DO loop to process each possible triangle to determine if 
it is intersected by the ray. The test is made to determine if the present 
set of three points form a degenerate triangle. If they do, the program 
branches to increment to the next set of three points. 
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The statements 

w<t > •~STER<Lnc> 
wl, l •ASTER tLnC •l l 
Wl1 l • ASTERILOC•?I 
UwlllaASTE~ILOC•~l -Wil l 

lJ " C?l •A STER !LnC •5)-WI?l 
U~13l •A STER(LOC+6l •w l il 
1/'11 I J l•~STER II OC•AI -w (\I 
V~!2)aASTERILOC•9 > -w(? l 
V w(J l •A~TER ( LOC+lOI•W(Jl 

C WN • (IJ-111) X (11-·ol) 
WIIN(l ) :zlJw(2l*V"W( 31 - UWC1l *Vw(2l 
IIIN 1 c? > • uw <3 1 •vw ( l 1 -uw c 1 l *l/'fl 131 
wN(3l:U•<l i •VW I2I •Uw<~l•IJ 'fiCl l 

C 0 a W~ • WN 
D•wB<t> •wN tl> •ws<~>•wwc2>•w~<l> *•NC 3> 

are executed if the present three points form a non-degenerate triangle. These 
statements compute the vector from the first point to the second point and the 
vector from the first point to the third point. The cross product of these 
vectors is then computed which results in a normal vector to the triangle . 
With the x, y, and z components of U - W, V- W, and WB the denominator of 
Equation (121) is solved. 

a(u w ) + acv w) s . WB XB -w X X X X X X X 

a(U - w ) + 13 (V w ) s . WB XB - w y y y y y y y (121) 

a (U - w ) + B(V w ) - s . WB = XB w z z z z z z z 

For a point XP along the ray to be within the compu ted triangl e 

XP = XB + WB · S aU + 8V + yW (119) 

where 

a + S+y 1 

and 

0 < a < 1 

o ~a < 1 
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Substituting y = 1- n- B into Equation (119 ) , and then forming a matrix to 
solve for n , e, and S r esults in the matrix Equation (121). 

c 
c 
c 

The statements 

lf <ABS!OlaLE•O •OOOl lGOTO •9o 
W~8(1):1J!ll-XBI!l 
WX8 12) •WI2 l -XB I2l 
WXBIJlaW ()) · KB!J l 

are used to determine if the value of the denominator of matrix Equation (121) 
is very nearly zero, which would indicate that the ray is parallel to the plane 
of the triangle , resulting in a miss condition . If no miss condition, the x, 
y , and z components of W- XB are computed. 

The statements 

C DALPHA • CW•XA ) • ( W8 X (V•W) I 
OALPHAa WX~Ili*IW8121•Vw(JI •W8(J) •yw cz)l 

1 •WXR (2) •(W913l•VW ( ll~W8(1 1 •Vw())) 

~ +wXHC 3 1*(~Bili*VWI21•W8 (c l•vw(lll 
Al..PI'iAanA LPHA/ 0 
IFIALPHA•< t .-ALPHA l 0 l..To 0 e OIG OT0 490 

are used to solve matrix Equation (121) for n, and then to test n to determine 
if 0 < n ~ 1, which is a condition for the ray to intersect the triangle. 

The statements 

C DBETA • (W•KBI • I IU•wl ll ~~~ ~ ) 
08[TA• WX A(l i* (U WI2 1*WR(J)•UWC3) •wal2 ll 

1 .,xR 121• 111 111 ()I •wR c 11 - uw c 11•wa 1311 
2 • WX8CJI•CUW(ll*wRI2l•UW(21•weC I Il 

BEn•ORETAIO 
IFCBETA•<l.-BETAl.LT. O. OIGO TO 490 

a r e used to solve matrix Equation (121) for 6 , and to test a to determine if 
0 < a ~ 1, which is a condition for the ray to intersect the triangle. 

c 

The statements 

GA~MA•la •4LPHA•8ETA 
IF(GA~MA*<lo ~GAHM-),LT.O.OIGOTO •90 

are used to solve for y from the relat ionship y = 1 - n - a and then to deter­
mine if 0 2 y 2 1, which is a condition for the ray to intersect the triangle . 

The statements 
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c 
c 
c 
c 
c 

COMPUTf DISTANCE TO INTERSECT WIT~ TRIANGLE 

OS • (lol-liR l • IIIN 

O~--~~ lll *WN (l) +WX~(2\*WN I 2 l• wX~I3)•wNt)) 

S•OS/0 
CALL UNTTIWN) 

are used to solve ~trix Equation (121) fo r s, the distance from the origin 

of the ray to the 1ntersect of the triangle. The direction cosines of the 

normal to the triangle are then computed by calling Subroutine UNIT. 

c 
c 
c 

The s ta tements 

Ol~ECT NORM 4L lNTn ARS 

IFciT-IlT/ll*l .EQ.OlGOTO 41 0 
1111 '\ (1 ) c-WN( 1) 

Wl'.(2la-\olllll?l 
WI\ ( 3) • • wN I l) 

0-a - O 
4\0 ..JSU~F•TT 

JF (0 •L T • 0 • fl l JSURF2•JSt•RF 

are used to test for an even numbered ARS surface triangle. If even numbered, 

the normal will be into the ARS as desired. If odd numbered, the normal will 

be away from the ARS. Therefore, the normal for an odd numbered triangle is e 
reversed along with the denominator value of Equation (121). The intersected 

surface number is then equated to the ARS triangle number. If the denominator 

value is negative, the surface number is reversed to indicate an exit intersect. 

(Actually, the surface number and normal may be opposite to that described above, 

depending upon how the ARS was defined . This problem is resolved by the state­

ments following statement 540 such that all normals are directed into the ARS.) 

c 
c 
c 
c 
c 
c 

The s t atements 

CO~PARf NfW TNT ERSECT U JSTA~Ct •lTH Ol~TANCES ALREADY IN 

H 1T T A~LE 

STORE HTTS !LARGEST TO SMAL~ESTl 

I~( NHtT, f.Q . OlGOTO 430 
nn 420 T•le NHIT 
IF (ABS(S-HJT(llloLE,O,OOOl) GOTO ~70 
I~cS,GT.HIT f ll lGOTO 4~0 

•20 CONfiNUF. 

are used to determine if there are any other hits in the hits table . If the 

present intersect is not the first hit, the DO loop is executed to either find 

an intersect with an equivalent distance, or to find the location for the next 

intersect in tbe hit table. Intersects are stored lar gest to smallest in the 
HIT array. 
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435 

The statements 

NHthNHtT+l 
t•NI'ilT 
lFI~HltoLEo201GOTO 44n 
III~JTEI~tQO])NRO 
WR tT £I 6 • 91 n l (HIT I tl • 1 CiU~F ttl t t•l ' NH lT I 

NH!T•O 
onro 70" 
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are used to increment the hit counter by one, if the current hit is the first, 

or if there is a larger distance already in the hit table. The number of hits 

counter is equated to variable I, and a test is made to determine if there 

have been more hits than the capacity of the hits table. If there are more 

than 20 hits in the hits table, error messages are printed out and the program 

branches to record a miss condition. 

The statements 

c 
C IF NEW INTERSECT• STORE Htl 

c 
440 HlTCtlaS 

O~MALI\eli•WPII(ll 

O~NALI2•ll•WNC21 

OHMAL()eli•WN(31 
ISlJRFIIl•JSURF 
OOTO 490 

are used to store the distance to the intersect, the direction cosines of the 

normal to the intersected triangle, and the surface number of the intersected 

triangles. 

c 
c 
c 

The statements 

450 J•NHtT 
NHtT•NHtT•l 
lF!NHlTo GT .20lGOTO 435 

are executed when the current intersect is larger than a hit distance presently 

in the hit table. These statements save the present number of hits in location 

J, increment the hits counter by one, and test to determine if the new hit 

exceeds the capacity of the hit table. If it does, the program branches to 

print out error messages and to record a miss for the new hit. 

437 



TN 4565-3-71 Vol II 

c 

The statements 

4~0 lfcJ.LTotiGOTO 440 
lollTIJ•l)•~HTIJI 
OA~o~AL I\ • J •l l t:ORMAL lloJI 
OAMALI?•J • \) s0RMALI2 • JI 
ORMAL CJ. J• \) •ORMAL ( 3 . , J) 
lSUAf(J+llctSURF(Jl 
J•J-l 
GOTO 460 

are used to insert the current hit to the hit table such that all intersect dis­
tances are stored from largest to the smallest distance. The direction cosines 
array and the intersected surface number array are also rearranged to agree 
with the order of the intersect distances in the hit table. 

c 
c 
c 
c 
c 

c 

The statements 

TwO ENT~IES tnf-NTTCAL w~EN ~ o[W, HTTlll 
lF SOTH RtN 0~ 80TH HOUT IGNORE 
lF ONE ~ RIN ~NO O THE~ A HOUT DELETE ENl~~ IN T68LE 

470 I~tJSUAF•ISuPrltl · "T.O)GOTO 490 

C DELETE f~TPY 
c 

NHJT•NHIT - 1 
480 tF(l. GToNHTTIGOTO 4QO 

H lT I I l •H 1 T I l • ll 
()~MAL I l • l I :OQIIIAL I l • I • \) 
ORMALI?ol l=ORM•LI2•l•ll 
0AMAL(3ollaORM.ll3•l•\1 
ISUAF ttl•l~URFil+\1 

t•Y•l 
GOTO 4AO 

are executed when an entry in the hit table is found to be equal to the present 
intersect distance. If the hit table intersect is of the same type as the 
current intersect (both RIN or ROUT), the program leaves the entry as is an4 
branches to consider the next possible triangle. If the current intersect is 
different than the entry being tested, the number of hits counter is reduced 
by one. If there are no additional hits in the table, the program branches 
to consider the next possible triangle. If there are additional hits in the 
table, the current entry in the table is eliminated and the hits in the hit 
table, the normals in the normal array, and the surface number array are re­
arranged because of the deleted entry . 
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c 
c 
c 

The statements 

1NCR£M£NT 10 TEST NEXT POSSIBLE TRIANGLE 

4q0 L0C;LOC.•4 
499 CONTINUE 

TN 4565-3-71 Vol II 

are used to increment to the next point in the triangle point data section of 
the ASTER array, and t hen branch to test the next three points to determine 
if the current ray intersects this next triangle. 

c 
c 
c 
c 

c 
c 
c 

The statements 

ALL POSSlALE TRtb NGLES EXAMlNlO 
C~ECK FO~ AN fVEN NUMAE~ Of HITS 

IfCNH!T.E~ . nlGOTO 700 
Jf ( N~tT-(N4(T/2l~7.oEO.oluOT0 SOO 

~RROR - INCORRECT SEQUENCE OF HITS 

WRITE(6 , q02lNBOtNHlT 
wRtTE ( ~.,ql 1'1 CHIT C t l • I SURF'< I l 't • l t NHl T l 
NHJhO 
GOTO 1'00 

are executed when all possible triangles of the ARS have been examined and are 
used to test for an even number of hits if any hits ou the ARS have taken place. 
If there were an odd number of hits, error messages are printed out giving the 
body number and the number of hits. The hit array and the surface number array 
are also printed out in table format . 

c 
c 
c 

c 
c 
c. 

The statements 

CHECK FOR CORRECT SEQUENCE OF EXITS<~> ANU ENT~ANCESC+) 

500 00 520 1=2tNHlT 
t F < 1 SURF < 1- \) • 1 SlJPF Cl 1 • G T • 0 I GOT 0 5 2S 

5c0 CONTINUE 
GOTO 531) 

ERROR - INCORRECT SEUUENCE OF HITS 

52S WRtTE(btQOJlN~OtNHlT 
wlfq l E ( ~, 91 0 l t HIT ( t l tlSU~F <I l • 1•1 • ~~~~ 1 T) 
N•·qT•O 
GOTO 100 
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are used to determine if the hits in the hit table alternate from RIN to ROUT to RIN, etc. If not, error messages are printed out giving the body number and the hit number causing the trouble . The entire hit array and the surface number array are printed out in table format. The number of hits counter is set to zero and the program branches to record a miss of the ARS for the given ray. 

c 
c 
c 

530 

The statements 

LOCATE I'IEKT Rl)lJT n t 'i TANCE Rt:.LAT 1VE TO Cli~RENT POSIT tON Of l(P 

I F(rllTINHlT• li . GT . O,OlGO TO s•o 
mq l•N~ IT-? 
IF(NHIT.LE . OJGOTO lOO 
GOTO 530 

are used to test the ROUT distances in the hit table, f rom the sma llest to the largest, until a positive distance is found with respect to the current origin of the ray. If no positive ROUT distance i s found the program branches to record a miss condition from its present point. When the next ROUT dis­tance is found, the program branches to check if normal distances are to be computed. 

c 
c 
c 
c 

The statements 

CHEC~ niPECTli)N OF NO~MAL FU~ LAR~[ST ~!STANCE IN HTT TABLE VEQJFY THAT NORMAL lS AN EXIT FOR THE ~OUT I NTERSECT 

540 lf!~A~C.EQ .•2lGn Tn ~On 
IFilSIJRf(ll . LT."IGOTO ')60 
00 SS o T:\ .~HlT 
n~MALil t ll=-OQMALCl•T I 
ORMAL\? ol) : -OHMAL12 • 11 
OR~AL!J • ll:-ORMALI) • ll 
tSU~FCII•- ISURF!tJ 

SSO CONTlNUf 

are used to first test if this subroutine was called by Subroutine CALC to compute normal distances. If normal distances are to be computed, the program branches to select the correct RIN and ROUT set. I f normal distances are not to be co~puted, the surtace number of the first hit in the hit table is tested to verify that it is negative for a ROUT intersect. If not negative, all of the signs for the normals and surface numbers of the hit table are reversed. This insures that all normals are directed into the ARS and the surface numbers of the intersects have the correct sign. 
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c 
c 
c 
c 

560 

570 

The statements 

STO~E ~lT TABLE IN ASlf.R ARHA1 
UNLESS COMPUTING NO~~Al OtS1ANCl 

L,.OC~LOCMTS 
00 S70 I •lelliHtl 
ASTER!LOC)•MlTIIl 
ASTER!LOC•l):OR~ALI\tTI 
ASTERILOC+?ls0R~ALI2tll 
AST£RCLOC•JI•OR~ALIJ•ll 
I,.DC•LOC•tt 
CONTtfiiUE" 

TN 4565-3-71 Vol II 

are used to store the hit table and the normal coordinates (direction cosines) 
for each of the intersects for the current ray in the ARS section of the 
ASTER array. 

c 
c. 
c. 
c. 

The statements 

C~OOSE CORRECT RIN AND ROUT SET FOR CURRENT POSITION OF XP 
T~t~ SECTION tS ALSO USED BY REENTRY ROUTINE 

600 tr(~HlT .£Q,OIGOTO 700 
R IN•HU INMTT I 
ROUT•HTT INH[T-1 I 
LfH•l 
~.~o• l 
NHTfa,..HtT - 2 
l~(A~S!PlST•ROUTl.LE.O,OOOliGOTO ~00 
lF(DT ST .GE. ROUTIGnTO ~00 
lFCA9StRJN-ROUT!,LEo0 , 00011GOTO 600 
lf cRtt.~.GT,o.OOOliGOTO BOO 
Ahi••PTNF 
I..RI•O 
GOTO 800 

a~e used to test the RIN/ROUT pairs of intersects against the current distance 
that the ray has travelled, and to select the RIN/ROUT pair such that RIN ~ 
Distance < ROUT. If RIN is equal to zero, it is set to a nimus infinity to 
force the prORram to choose ROUT. 
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c 
c. 
c 

The stat ements 

100 RlN'"'Pll\of 
RO(JT:::-PtNF" 
LRT•n 
~o.Ro=n 

are used to set RIN and ROUT. and the'intersected surface numbers, to record 
a miss condition for the current ray. 

The statements 

~on I~INASC.NE .- 2lMASTEQ(LOCAQS•l>•NM1T 
QETtJQN 
ENO 

are used to revi se the number of hits i.n the ASTEH array if this subroutine was 
not called by Subroutine CALL to perfo-m normal tntcrsect calculations. The 
program then returns control to the calling progr~r. 
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Subroutine TOR; 

This subroutine computes the ray intersections with a torus. The torus 
geometry is illustrated in Figure 71. 

XB starting point of ray 

WB direction cosines of ray 

ROUT 
XP point of intersect with 

t orus 

c center of torus 

rl radius of torus 

r 2 radius of circular 
cross-section 

n normal to plane of torus 
(unit vector) 

d direction of r
1 

(unit 
vector) 

m vector from midpoint of 
cross-section to point 
of contact 

FIG. 71 . Torus Geometry 

The intersection with the torus may result in either one or two sets of RIN 
and ROUT as shown in Figure 72. 
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XB starting point of ray 

WB direction cosines of ray 

C center of torus 

RIN distance to entry 
intersect 

ROUT distance to exit 
intersect 

FIG. 72. Intersect~ons with a Torus 

If two sets are_found, the routine selects the first pair that are greater than the point XB. 

The statements 

Ot ME NStON COEF 14l tRTI4) t~N 13 1t X6CIJI 
DIMENS I ON MASTERilOOOOl 
COMMON A STE~I l OOOnl 
COHHON/PAAEM/XB(J)tWB IJltlA 
CO~~ON/GEOM/L8AS£,RlNtRDUTtLRltLAO,PtN,,I!AAtOIST C0MNON/UNCGEM/NRPPtNTA(~tNSCALtN800YtNAM&XtLTAIPtLICALtLA£GOt 1 LOATAtLRINtLAOTtLI0tL0COAtll!tlJOtL800YtHASCtKLOOP COMMDN/OAVlS/lGRlOtLOO,tlNOAM 

are used to dimension arrays and pass information into and out of the subroutine. 
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The statement 

is used to set the ASTER array equivalent to t he MASTER array. 

The statement 

c_ 
~1 CHECK 'OR PR!VlOU! ENTRY 
c 

l'(LOOP,N[,KLOOP ) GOTO 10 

is used to check whether the intersections have been computed from a previous 
entry to the subroutine. If they have not , control is transferred to compute 
the roots. 

The statements 

T~IS tS A REENTRY 

NA•~ASTEACLOCOA•Zl 
l'lNA,LE •ZlRETURN 
RIN•AST£ACLOCOA•3 ) 
RnUT•AST!ACL0COA•4l 
NA•o 
GOTO 400 

ar e execut ed if the intersections f or the torus were computed from a previous 
ent ry to this subroutine and are used to test whether two sets of RIN and 
ROUT were ob t ained. If only one set was computed, the number of real roots 
variable, NR , will equal 2, and execution will return to the calling routine. 
If t wo sets wer e obtained, the second set i s retrieved from the ASTER a r ray 
and equated to RIN and ROUT. Control is t hen t r ansferred to Statement 400. 

The s t a tement s 

e. 
~, A!TAI!VE LOCATIONS O' TORUS DATA 
c 

10 etLL UN2CLOCOA,IV,I~ I 

LOC•LOCDA•l 
CALL UN2(L0CtiRltiR21 
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which are executed if ray intersections have not been computed, are used ~ 
to retrieve the pointers to the vertex, normal, and major and minor axes 
of the torus in the MASTER array. 

c 
C4 
c 
c 

The statements 

r,n~PUTE lNTE~MEDIATE V4WJA9~£S NElO~O TO 
~1~0 CO~FFlCIENTS OF •lUAHTIC EQUATION 

XACcllaA~(li•ASTER(JV) 
XqCI2l•XBI21•4STEAIJV•ll 
X~CCJI•X8CJ1•4STERitV•z1 
X~I}I•ASTERIINI 
XNC21•ASTERtlN•}l 
XNI]l•4STERitN•21 
R}•ASfE~(lPll 
R~•ASTERIIR£1 

are used to compute an intermediate variable for computing the four coefficients 
to the quartic equation to solve for the intersections. Rl and R2 are the 
two radii used in describing the torus. XN is the normal to the torus. 

The statements 

TFI~ASC.NE. •21GOTO ZO 
RSAVE•o• 
r,nTo 30 

are used to test the value of NASC. If NASC is set at -1, computations for 
a new ray are desired. If NASC is set at - 2, the routine was called from 
Subroutine CALC to find the normal distance, and intermediate variable 
RSAVE is set to zero. 

The statements 

2~ R~AVE•ABSIOOTIXHCo~~~ I•Hl ·~Z-R2 
X~Cil>•Xectli•RSAVE•WR(ll 
XRCizi•X8Ct2l •RSAVE*WR(ll 
XBC(J)•XBCCJ ) •ASAVE•W~C)I 

are used~o_compute intermediate value RSAVE and to temporarily shift 
vector (XB-V) along the ray to insure correct solution of the quartic equa­
tion by Subroutine QRTIC if NASC was set to -1. 
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The statements 

lO WQN•OOT(WijtX~I 
XBCOw•nOTIXBC••A) 
KRCON•ooTCXijCtXNI 
X~CXRC•OOT<X9CtKRCI 
Rl.SO•Rt•Rl 
RzSQ•R2•Rz 
TF.RM•XeCXSc•RJSQ"RZSQ 

are used to compute additional intermediate terms required for the 
coefficients. 

The statements 

c 
C~ cnMPUTE COEFriCIENTS 
c 

r.nEF(l)a4.•XBCOw 
cnEFiz>••·•RJSO•.woN••nN••·•ll.scow•xycow•2••T[MM 
~OEFI3 1 •8·~RJSO•WoN•XeCON••·•XaCO••TtR~ 
COEF14l••••RlSO••acoN•X&CON•TER"•f[A"••••AliUeRzSo 

are used to compute the four coefficients required for the quartic solution 
using Equation (117) where 

A= 1 

B = 4 WB· (XB-C) 

2--2 ---2 --2 2 2 
C = 4r1 (WB·n) + 4(WB· (XB-C)] + 2((XB-C) - (r1 + r

2 
)J (117) 

2---- - -- --2 2 2 
D = 8r1 (WB·n)[(XB-C)·nJ + 4(WB·(XB-C)J [(XB-C) - (r

1 
+ r

2 
)J 

2 -- 2 --2 2 2 2 2 2 E = 4r1 [(XB-C)·nJ + [(XB-C) - (r1 + r 2 )J - 4 r
1 

r
2 

If the line-of-sight intersects (not the normal distance) are to be co~uted, 
the origin of the ray, XB, is shifted along the direction of the ray , WB, by 
an amount, RSAVE, to insure correct solution of the quartic equation by 
Subroutine QRTIC. 
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The statement 

is used to call Subroutine QRTIC to solve the quartic equation. The coef­
ficients of the quartic equation are passed in the argument list. Sub­
routine QRTIC returns with the roots in argument array RT and the number 
of real roots in argument NR. 

The statement 

c 
C6 OETEA"INE tr O• z, OR ' ROOTS 
c 

is used to determine if there are no real roots. LWO real roots. or four 
real roots. 

The statements 

c 
~1 TWO ROOTS 
c 

100 t'CABSCAT(lJ•ATClJ I ,GT,OtOOOl i OOTO 110 
NA•O 
OOTO 'OO 

are executed if the solution of the quartic equation resulted in two real 
roots. These statements are used to determine if the two intersect dis­
tances are very nearly equal and, if they are. to set the number of real 
roots variable to zero and t r ansfer t o record a miss condition. 

The statements 

110 RT Cti•AT(lJ•RSAV£ 
RTCzleRTCzi+ASAVE 
I'CATCj)eLT,ATC2))00TO lOO 
T•ATll) 
ATllJ•ATC2) 
ATCzi•T 
onTo 300 

are executed if the two intersect distances are not very near ly equal. 
These stat ements are used to readjust the intersect distances with respect 
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to the original starting position of the ray before it was shift ed by RSAVE. 
The short er and longer distances are stor ed in array elements RT(l) and 
RT(2) r espectivel y, after which the pr ogr am br anches to assign RI N, ROUT, 
and t he surface numbers. 

The statements 

c 
Ct , OUR ROOTS 
c 

ZOO DO ZlO I•le4 
RTCI)•AT(t)•ASAV£ 

ll O cnNT1NU! 

are executed if the solution of the quartic equation resulted in four real 
roots. These statements consist of a DO loop which is used to readjust the 
four intersect distances with respect to the original starting position of 
the ray before it was shifted by RSAVE. 

The statements 

c 
C~ SOAT ROOTS 1~ ASC[NO ING OAO[A 
e 

220 I 'C AT clt •L[,AT t2J) GOTO 2JO 
T•ATC l ) 
ATCt)•ATCzJ 
ATCZ) • T 

ZlO t' CATCz)•LE oAT CJ)l GOTO 240 
T•ATCZ J 
ATCz)•RTC]l 
ATC] J • T 
GnTO 220 

Z40 t' CAT C3J eL!•RT C4l lGOTO iSO 
T•RT Cl) 
ATCl)•AT C4) 
RTC 4J•T 
ctnTO ZlO 

are used to sort the four intersects from the smallest distance t o the 
largest distance in the four-element array, RT . 
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The statements 

c 
CiO I ~ RAY TANGENT TO SURfACE [Ll~INAT[ tNT!RSltTS 
c 

l60 

210 

280 

I'IA8S(RTIZI•Rlt3)1,GT,Oe00011GOTO l60 
N~•NR•z 
RT (2) •Rf<4) 
GOTO 210 
I'CA85tATtJI•RT14)l,GT,Oe0001 ) GOTO ZlO 
IIIA~IIIA•z 
I~IABSCRTC} > •RTl2lloGT,Oo0001lGOTO liO 
NA•NR•z 
RTill•RTCl l 
RTlzl•AT14 ) 
IF(NR.~[.o ) GOTO !OO 
I' IRT C2l•GT aO• OlGOTO 300 
NR~NA•z 

RT t tl•RTIJ) 
RT(2hAT(4l 
GOTO 280 

are used to compare successive intersect distances- RT(l) with RT(2), 
RT(2) with RT(3), and RT(3) with RT(4) -to eliminate intersect pairs whose 
difference is very nearly equal to zero. This indicates that the ray is 
tangent to the surface. If such a pair is locat ed, the number of roots 
indicator, NR, is decremented by two, and the remaining roots are stored 
in the first elements of array RT. 

The statement 

c 
JDO l'INR•2)500 tlSO,)l0 

is used to determine the number of remaining intersects after the tangent 
i ntersects have been eliminated. 

The statements 

C~ T ~11 ,OUR INTERSECTS, O!TtRMINE ~HlCM RlNIAOUT SJ RlQUIRlD 
c 

llo t,IA8SCDIST•RTC2ll•~E.o,OOOl)GOTO lZO 
I'IDISTeLT,RTC!llOOTO llO 
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llO A!"•AT(]t 
AOUT•RTC4t 
NA•o 
OOTO 400 

llU ASTtACLOCOA•lt•RTClt 
4!T!RCL0COA•4t•~TC4) 
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are executed if there are four legittmate intersects of the torus. These 
s t atements first determine the distance that the point on the ray has 
travelled relative to the second intersect. If the point on the ray is at 
the second intersect, the values of RIN and ROUT are determined from the 
second pair of intersects, and NR, the number of intersects not ye t used, 
is reduced to zero. If the point on the ray is located before the second 
intersect, the required values of RIN and ROUT will be determined from the 
first pair of intersects. Therefore, the second pair of intersects is 
stored in the ASTER array for later use. 

The statements 

are executed if there are only two intersects of the torus, or if there are 
four intersects, but the point on the ray is not yet past the second inter­
sect . These statements therefore assign RIN and ROUT from the first two 
elements of array RT. 

The statements 

4oo LRI•l 
LAO•\ 
I'CAIN,Q[,AOUTtOOTO ~00 
I,CA8SJAIN•ROUT),L£o0o0001)00TO !OO 
t,CAOUToL[oO•O)GOTO 500 
l'CRIN,&T,g,OOOllBOTO •oo 
AtN•••OOOl 
LAI•O 
GOTO 600 

are used to set the entering and leaving surface numbers to one and to make 
a series of tests on the values of RIN and ROUT. If the value of RIN is 
greater than ROUT , or the absolute difference between RIN and ROUT is very 
nearly zero, or the value of ROUT is less than or equal to zero, the 
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program branches to record a miss condition. I f the value of RIN is very ~ 
nearly zero or less than zero, RIN is set to a small negative number, and 
the entering sur face number is set to zero to indicate t hat t he ray origina tes 

within the torus. 

The statements 

c 
Cll AAY MISSES 'AOM PA(SfNT ORIGIN 
c 

!O~ R!N•PIN' 
ROUT••ItiN' 
LRI•o 
LAO•O 

are executed if the ray misses the torus from the present point on the ray . 

RIN is set to an extremely large positive number and ROUT to an extremely 
large negative number. The entering and exiting surface numbers are then 

set to zero. 

The statements 

600 ~&ST!RCL0COA•21•NA 
R!T\JAN 

are used to store the number of inter sects of the torus with respect to the 
present distance travelled by the point on the ray. The program then 

returns control to the calling routine,Subroutine Gl or Subroutine WOWI. 

* U.S. GOVERNMENT PRINTING OFFICE: 1971- 769.003/17 

452 


